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FOREWORD 
The provision of economical and reliable energy is a prime requirement for the success of 
manufacturing industry on which the well-being and standard of living of the population 
depend. Advanced power generation technologies seek to supply this demand for energy 
within the increasingly stringent economic and ecological restraints with respect to plant 
costs, fuel costs, fuel conservation and environmental impact. The key factor is the thermal 
efficiency of plant, which can be improved by increasing the temperatures and pressures 
of the processes. There is therefore a general requirement for improved materials and 
components which can operate reliably at higher temperatures and pressures. 
The European Co-operation in the field of Scientific and Technical Research (CaST) is a 
means for the co-ordination of national research programmes on a European level, CaST 
actions consisting of basic and pre-competitive research. The Liege Conferences were 
initiated in order to disseminate the results of the materials related CaST Actions, 
beginning with caST 50 which was mainly concerned with materials for gas turbines and 
then moving to CaST 501 in which materials for power generation plant were investigated. 
The overall objective of CaST SOl, the results of which are reported in this Sixth Liege 
Conference, was to contribute, through a targeted programme of applied research, to the 
development of improved materials for advanced components in power engineering 
applications. The work was focused on topies concerning materials for the components that 
have a decisive influence on the enhancement of plant performance and efficiency, to 
ensure the ability ofthe European power engineering industry to remain competitive in the 
world marke!. 
The critical materials and components in power generation plant have been identified and 
the required research and development activities have been based on the principle of work-
sharing, Materials scientists, design engineers, alloy producers, component manufacturers, 
plant builders and plant operators have been brought together, reflecting the need to match 
materials properties and component behaviour. The power engineering systems covered 
include gas turbines (aero and stationary), steam turbines, diesel engines, fluidized bed 
combustors, gasification plant and waste incinerators. 
The Conference comprised 6 invited lectures which put the materials research for advanced 
power engineering in aglobai context, 23 review papers that summarize the CaST 50 I 
activities and over 140 contributed papers presented as posters. The Conference 
Proceedings containing all the papers are organized as folIows: 
Part I: Materials for Advanced Stearn Turbine Plant 
Part II: Heat Exchangers and Fuel-Related Problems 
Materials for Gas Turbines I 
Part IH: Materials for Gas Turbines II 
General Interest 
Materials for the 21st Century 
iv 
As in previous Liege Conferences, many pcople have made significant contributions to the 
success of this Conference. The excellent work of the members of the CaST 501 
Management Committee and the work package co-ordinators, who supervised and co-
ordinated the research activities both in their respective countries and across the national 
borders, is highly appreciated. The editors would also like to express their gratitude to the 
other members of the Technical and Editorial Committee for their splendid work, especially 
for reviewing the large number of papers submitted and for organizing the conference 
sessions. We also thank the authors of all the contributions to the Conference for the high 
standard of their papers. 
September 1998 
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POWER ENGINEERING - STATUS AND TRENDS 
R Kehlhofer 
ABB Power Generation Limited 
Baden, Switzerland 
Abstract 
01 
The present power generation market is over 100 GW per annum, wilh coal frred steam plants and gas 
fired combined eyele power plants having the major share of around 35-40 GW per annum each. The 
major insta1lations of coal ftred steam power plants are in countries where natural gas is searee (e.g. 
India, China) or where coal has been used traditionally in the past, e.g. USA and Germany. The growing 
power generation market with deregulation, privatization and environmental concerns has created a very 
illiraclive markct for gas-fired combined eyeIe plaDls especially as natural gas is becoming widely 
available. 
The Combine<l Cycle Power Plants (CCPP) and Combine<l Heat and Power Plants (CHP) offer the most 
allractive solutions 10 Ihe operator, combining low installation cost and cost of electricity, with high 
performance and low emissions. Furthermore, (he improvements in steam eyele and eomputational fluid 
dynamies have led 10 a signifieant inerease in the effieieney of steam power pi anIs. By adopling 
advaneed steam eonditions, improved economics and reduced emission of the eoal ftred plant will 
continue 10 be achieved. By the year 2000, a thermal efficieney of 60% for CCPP, and thermal 
efficieney of 48% fer conventional steam power planls are realities. Advaneed Cyele System (reheal gas 
turbine), modern water-sleam eyde steam Lurbine I generator and controls are in place. For further 
progress and market success of the future power planls, the materials science and reJaled manufaeturing 
tt'chnologies wilh robust design aod operation are Ihe most important criteria. 
Keywords: steam plant, combined eyde, efficiency, plant design 
02 4 
ENERGY AND ENVIRONMENT 
(WISHFUL THINKING AND REALITY) 
Klaus Hein10th 
Physikalisches Institut der Universiltil Bonn 
Bonn, Germany 
Abstract 
The rapid increase of economic weallh has been achieved by the invention of powerful 
Lcchnologies und by the ample availabilily of cheap fossil fuels. However burning tao mueh 
fossil [uelleads 10 the risk of global c1imate change, severely endangering life conditions 
Oll earth. On a time seale of decades the contribution of energy sources other than fossil 
[uels. such as renewable and nuclear energy will be ralher limited not least because of their 
relatively high investment costs. Therefore theefficiency of presentday energy technoJogies 
has to be improved as mueh as possible. 
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Advanced High Efficiency Steam Power Plant 
E. Metcalfe' and B. Scarlin" 
* National Power, Swindon, United Kingdom 
** ABB Power Generation Ltd., Baden, Switzerland 
Abstract 
There is a worldwide tfend to higher efficiency power plant, both in order to reduce CO2 
emissions and to maxi mise benefi.ts for power plant operators and customers by reducing Iifetime 
costs. In this process it is necessary to consider a wide range of fuel choices and power plant 
options. Main and reheat steam temperature5 have been increasing for recently commissioned 
steam power plant in Japan and Europe. Infonnation on plant on order shows thal this trend will 
continue into the next century balb for conventional fossil fueled plant and combined eycle plant. 
New materials for these applications have been developed in collaborative projects, such as 
CaST, EPDC and EPRI, and many of these are now in use at temperatures up to 600°C. 
Manufacturing and operating experience have been good. Further steps are being taken in the 
COST 522 Programme (625-650'C) and in the Thermie Project (700'C). 
It is intended that these projeclS should lead to the design or steam power plant with; 
• reduced first-time costs (lower investment costs for a fixed MW output) and 
• lower lifetime costs (lower overall cost of electricity) 
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HIGH TEMPERATURE FORGED COMPONENTS 
FOR ADVANCED STEAM POWER PLANTS 
T.-U. Kenl, Siemens KWU, MülhcimlRuhr, Gemlany 
B. ScacHn, ABB Baden, Switzcrland 
R.W. Vanstone, GEC Alsthorn, Rugby, Unitcd Kingdorn 
K.H. Mayer, GEC Aisthom Energy, Numberg, Gcrrnany 
Abstract 
Improved ferritic steels are required to minimize the costs far high temperature steam 
power plants and to provide high ßexibility of operation (2 shift operation, frequent 
start-up/shut down). For this reason thefe are worldwide activities in research aod 
development for the 9-12%CrMoV materials c1ass. In Europe steel eomp.nies, 
turbine aod boiler manufacturers, utilities aod other users, testing institutes aod 
universities worked together within the joint program COST50 I. The development 
goals in terms of required material properties, fabrieation techniques (forging, 
casting, welding) aod non-destructive examination had been defined by the turbine 
and boiler rnanufacturers. The alloy development work began in Round 1 in 1986 for 
600'C materials, and Rounds II and III have continued the co-operation. In Round 
III the determination oft he long term properties for the trial rotors E, Fand B for 
600'C applieation was one major point. The results show that the long term 
behaviour of the rotors is excellent. 
On the other hand new trial melts (IOO-500kg) for 620/6JO'C application were made 
on the basis of new alloying concepts such as addition of Cobalt and Boron. The two 
different alloying concepts introduced by the group are basing Oll combinations of 
either Mo+Co Cf W+Co and Boron, Nitrogen and Niobium. Between the new 
chemical compositions tested here are promising alloys showing good results after 
creep tesling times ofabout 15,000 h.Today it is not possible 10 favour c1early one of 
these concepts For Ihis reason the 10ng term testing has 10 be continued. 
The COST50 1 program was finished in December 1997 Future research will be 
treated under the new COST522 action which will start at the end of 1998 
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HIGH TEMPERATURE CAST COMPONENTS FOR 
ADVANCED STEAM POWER PLANT 
K.H Mayer, GEC ALSTHOM Energie. Nurcmbcrg. Gemmny 
R Hanus, VOEST-ALPINE STAHL LlNZ. Linz. Auslria 
T. Kern, Siemens KWU. Mülhcim, Gemtany 
M. Slaubli. ASB Baden, Switzerland 
D. V. Thornlon, GEC ALSTHOM. Rugby, UK 
Abstract 
05 
The development of ferritic-martensitic steels for advanced steam plants with steam admission 
temperatures in the range of 600 - 650 oe and super-critical steam pressure is of major 
importance because casting constitutes the most appropriate and econornical manufacturing 
lechnique due 10 the complex design of the turbine casings and valve chests of the VHP, HP and 
IP turbines. The consequence is, in terms ofweight and costs, a dominating cast steel proportion 
of around 60 % for the components of the VHP, HP and IP lurbines. 
Based on the results of developmenl work on the P 91 cast steel grade 
G-XI2CrMoVNbN 91, which were obtained under the EPRI Project 1403-15, COST 501 
concentrated on deyeloping and qualifying a tungsten-bearing cast steel grade Test results haye 
so far been obtained up to approx. 50,000 hours. In the long-term range at 600°C the creep 
strength of this tungsten-hearing cast steel shows maximum conformance with the creep strength 
ofP 91. 
The newly deyeloped cast steels G-XI2CrMoVNbN 9 1 and G-XI2CrMoWVNbN 10 1 I are 
already used in 12 new European power stations with inlet temperatures up to 600 oe. The 
experience gained in the production of more than 350 castings in the weight range up to 60 I [or 
these and other power stations is decidedly positive. The aim of eurrent and future tests is to 
aehieve in let steam temperatures of up to max. 650 oe while continuing to use rnainly ferritie-
martensitic steels for turbine casings. 
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European Collaborative Evaluation of 
Advanced Boiler Materials 
M.Staubli, ASB Power Generation, Baden, Switzerland 
W.Bendick, Matmcsmann Forschungsinstitut. Duisburg, Gennany 
J.Orr, British Steel Swinden Technology Center, Rotherham, UK 
F.Deshayes, Centre de Recherche Vallourec, Aulnoye-Aymeries, France 
Ch.Henry, ABB Enertech, Winterthur, Switzerland 
Abstract 
There are several R & D activities worldwide for the 9 10 12% Cr class of steels since they 
offer a potential of application under advanced operating conditions in modem steam power 
plants. In comparison 10 austenitic materials the extended use of ferritic steels will 
minimize the cost of investment and enhance the flexibility in operation balh resulting in 
more economic energy generation. 
In Europe boiler and turbine manufacturers, steel producers, utilities and testing institutes 
collaborated within the frame ofCOST501 to develop, evaluate and qualify advanced 9 to 
12%Cr steels for applications in the 600 10 620°C temperature range. 
Based on promising results with a W modified 11 %Cr steel for rotor application in the I SI 
and 2~d round of COST50 I, a similar composition for boiler application was investigated by 
the boiler & welding 5ubgroup in the 3'd round. This I%W modification ofthe established 
P9lis designated E9lI and was produced and tested in various product forms. There 15 a 
large database generated for E911 in COST, which i5 sufficient to apply far ASME/ASTM 
code approval. Components from the new E911 5teel are already in service in operating 
power stations and will also be used in advanced plants currently under construction. 
In order to serve as a comparison to E911 but also to get experience with the fabricability 
and the properties various products were also manufactured and tested from steel P92. 
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THE ROLE OF WELDING FOR COMPONENTS 
MADE FROM ADVANCED 9-12% CR STEELS 
H. Cerjak+, E. Letofskl, M. Staubli++ 
+ Technical Universily of Graz, Graz, Austria 
++ ABB Power Generation, Baden, Switzerlund 
Abstract 
CaST 501, Round 3, Working Puckagc 11 "Welding Subgroup" dcveloped 15 individual 
programs 10 delcrrnine (]uanliwlively Ihe influence of different welding procedurcs, welding 
parameters, welding consumables and post heat trealing parameters on fhe mechanical, 
creep. LCF and loughness properties of welds on various advanccd tungsten modified 9% 
Cr-steels. Base materials, weid metals alld different dissimilar welds were illvcstigated. 
AClUal results of these invesLigations will be prescnted. Basically Ihe weidability of these 
sIecIs can bc described as satisfactory. A soft zone in Ihe weid conncction negatively 
influencing the creep behaviour of welded joinls was detected und was localized in the 
inlercritical zone of the heat affected zone, limiting the lang time creep strength of similar 
and dissimilar metal welds. Thc resulls obtained by the co-operative programme 
impressively showed lhat only by a fuH understanding of Ihe mechanisms occurring in the 
microstructure of Lhe welded joint sliccessful mcusures can be applied to the selection of the 
welding material speciflcatioll, rhe welding process und parameters and Lhe postweid heaL 
treatment procedure to increase the strengths, reliability and safety of these components. 
Keywords: weidability. mechanical properties, crcep properties 
07 
08 10 
THE OXIDATION BEHAVIOUR OF FERRITIC AND 
AUSTENITIC STEELS IN SIMULATED POWER 
PLANT SERVICE ENVIRONMENTS 
W J Quadakkers aod P J Ennis 
Research Centre Jülich, 0-52425 JÜlich. Germany 
Abstract 
The high ereep rupture slrenglhs that ean be achieved in the newly developed 9-
12% chromium steels slrenglhened by additions of V, Nb, N aod W enab1c the 
steels 10 be considered for applications in advanced fossil fuelled power generating 
plaols operating at steam temperatures up to 650Q C. The oxidation resistance of 
these steels. however, may be the faetor that limits the temperaLure of operation, 
the formation of thick scales leading 10 over-heating of lubes due 10 the thermal 
insulalion effect aod loss of load-bearing cross-section leading 10 an increase in the 
ereep rale aod eventual ereep failure. The significant parameters are the rate of 
seale formaLion and possible spalling of Ihe seale, and the initial wall thickness of 
the component under consideration. The oxidation behaviour slrongly depends on 
the H20l01 ratio of the service or test environment; at high H20l01 [atios, the 
oxidation rate is high. Under these conditions and for thin-walled components of 
belowaround 6 mrn, the 9% Cr steels offer no significant advantage in service life 
over Ihe 12% Cr steels with Cr contents near the top of the specified range (above 
about 11 %). 
Keywords: steam plant, 9-12% Cr steels, auslenitic steel, 
high temperature oxidation. hot corrosion, gaseous corrosion. 
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PROGRESS IN UNDERSTANDING 
MICROSTRUCTURE-PROPERTY RELATIONSHIPS 
IN ADVANCED 9-12%Cr STEELS 
R. W. Vanstone 
GEC ALSTHOM Large Slearn Turbine" Rugby, CV21 2NH, UK 
caST 50113 WPll Metallography and Alloy Design Group Co·ordinator 
Abstract 
COST 501 has been an important framework for alloy development for the power generation 
industry, especially in the area of high creep strength 9-12%Cr martensitic steels. 
Mechanical test programmes carried out on experimental alloys have generated a valuable 
archive of material for microstructural investigations. A collaborative effort by the caST 
501/3 WPll Metallography and Alloy Design Graup has exploited Ihis resource. As weil as 
microstructural description, the project also incorporated development of models 10 predict 
microstructure and creep strength. The objective of this work was to improve understanding 
ofmicrostructural evolution in these alloys, to reIate rnierostructures to observed meehanical 
properlies. especially creep strength, and to gain insights to facilitate development of 
improved materials. The scope of this aetivity, including efforts to quantitatively define the 
microstructures observed and some of the difficulties encountered in this area, is described. 
Recent achievements outside the project are also discussed. Insights valuable to future alloy 
development have been achieved. but significant limitations to application of the 
metallographie and modelling approach rernain. Strategies to re fine this approach and to 
create more powerful tools for alloy design are proposed. 
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MICROSTRUCTURAL STABILITY OF 
9-12 %CrMo(W)VNbN-STEELS 
J. Hald', s. Str.ub", Y. Foldyna'" 
'ElsamlElkraftffU Denmark, Lyngby, Denmark, 
.. ABB TechnikdiensIe & Logislik GmbH, Mannheim, Gennany 
"'Yitkovice Research Institute, Ostrava, Czech Republic 
Abstract 
The microstructural stability of new 9-12%Cr steels during creep is discussed based on new 
findings with thennodynamic modelling and creep modelling. Dislocation and subgrain 
microstructures develop as a function of creep strain, and precipitate microstructures develop 
as a function of time. Tbe precipitates interact with dislocations and sub grain boundaries, and 
control the development of strain in time. Tbis means that the precipitate stability govems the 
creep strength of 9-12%Cr steels. Modelling ofparticle coarsening show that the coarsening 
rate of MuC. carbides is determined by the Mo cootent of the steel and by diffusion of 
substitutional elements. Diffusion in ferrite of9-12%Cr steels at app. 600·C is controlled by 
the Curie temperature, which is dependent on steel composition. Ni, Si, Mn and Cr accelerate 
diffusion and Co and C retard diffusion in 9-12%Cr steels. Based on the partiele eoarseniog 
model it may be stated that Boron improves the creep strength in 9-12%Cr steels mainly by 
lowering the diffusion rates in the steel,. Coarsening of the MX nitride, and Laves Phase is 
expected to be slow, but as these phase, precipitate during creep, nucleation and growth plays 
a more important role in the creep strengthening effeet, which can be achieved by MX and 
Laves Phase during long term creep. . 
13 011 
FACTORS AFFECTING THE QUANTITATIVE EVALUATION OF 
MICROSTRUCTURES IN 9-12%Cr MARTENSITIC POWER 
PLANT STEELS 
AStrang 
ALSTOM Energy Ltd., Steam Turbines, Rugby, CV212NH, UK 
Abstract 
A major part ofthe European COST 501 programme during the past 10 years has been directed 
towards the development of advanced 9- L2%Cr martensitic ereep resistant steeis for high 
temperature applications in high efficiency steam turbines. In addition to Lhe assessment of the 
mechanical properties of these materials, a parallel activity has concentrated on the evaluation of 
their microstructures in botb their original heat treated candition and following lang term ereep 
cxposure 8t temperatures of 600°C and above. lhis activity was t.U1dertaken to provide a better 
understanding ofthe evolution ofthe microstructure of these steels resulting from high temperature 
ereep exposure and to provide quantitative data on certain key microstructural parameters to 
enable improved models for the prediction of their long term properties to be developed. Since 
however the progranune of microstructure evaluation was collaborative, an additional programme 
of Round Robin studies was initiated to determine the extent of interlaboratory scatter and assess 
its effects on the results of the microstructural parameter measurements. lhis involved particle 
sizc and sub grain size measurements being conducted on common sampies by 11 laboratories 
within the group. The results of these Round Robin studies are presented in this paper and the 
main sources of interlaboratory scatter are identified. In addition procedures and practices are 
proposed to minimise the degree of scatter in future collaborative programmes in which 
quantitative metallography is a key feature. 
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MATERIALS REQUIREMENTS FOR ADVANCED 
COAL FlRED POWER GENERATION TECHNOLOGIES 
, E Oakey, N J Simms 
Cranfield University 
Cranfield 
Bedfordshire 
MK430AL 
UK 
Abstract 
European industry is involved in the rnanufacture and use of all types of advanced fossil fuel 
fired power plant. In reeent years significant efforts have been directed at improving the 
efficiency and thus reducing the environmenta! impact ofpower systems through the use of 
higher efficiency steam and gas turbines. Boiler, heat exchanger, gas cleaning and other 
system components need 10 keep pace with these developments if these high efficiency 
systems are not 10 be restricted 10 'clean' fuels al a time when the diversity of fuels 
available for use in power plant has never been greater. 
This paper looks al the challenges faeing the developers of these components as they strive 
to meet the reliability standards set for steam and gas turbines. In particular, the operating 
environments and materials requirements for the components used in advanced coal 
gasification systems will be reviewed. The components considered will include fuel gas 
coolers, hot gas filters, hot gas desulphurisation systems, other gas cleaning stages and the 
gas turbines required to handle the combustion products from the fuel gases produced. 
Particular attention is paid 10 the effects offuel constituents. 
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COAL GASIFICATION FOR POWER GENERATION: 
MATERIALS STUDIES 
N J Simms', F Bregani', W MMHuijbregts', E Kokmeijer' and JE Oakey' 
, Power Generation Teebnology Cenlre, Cranfield University, Cranfield, Bedfordshire, MK43 OAL, UK 
, ENEL-Research, 20090 Segrate (Ml), ltaly 
, KEMA Nederland B. V., Utrechtseweg 310, Ambern, The Netherlands 
Abstract 
Current European activities on materials for coaI gasification are described, with partieular 
emphasis on the activities carried out in COST SOl Round ill. Components targeted in 
these activities inelude fuel gas coolers as well as the range of parts needed in and 
downstream of hot gas eleaning systems. Inereasingly realistie laboratory tests are being 
developed to simulate coITectly the behaviour of materials in operational plants, ineluding 
isothennal gaseous corrosion and downtime -corrosion, as well as the effects of thermal 
eyeles, deposits and stressing. One activity has concentrated on the development of 
predictive models of the perfom>ances of candidate materials. The forms of these models 
are eompared with those of other researcb groups currently developing predictive materials 
performance models for redueing conditions. The validity of the COST models was shown 
by comparing predictions of the performances of materials in pilot plants with 
moasurements of actual materials perfom>ances in 1he plants. 
Keywords: materials issues, gasification, desulphurisation, downtime corros;on, modeUing 
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MATERIALS FOR WASTE INCINERATORS 
AND BIOMASS PLANTS 
P. Rademakers(l), G. Grossmann(2), A. Karlsson(3), 
M. Montgomery('l, T. Eriksson(5) and L. Nylot<6) 
(I) TNO Industrie, Apeldoorn. The Netherlands. 
(2) Krupp-VDM GmbH, WerdohI, Germany. 
(Jl EI kraft Power Company Ud., Ballerup, Denmark. 
(4) Technical University cf Denmark, Lynghy, Denmark. 
(5) Studsvik Material AB, Nyköping, Sweden. 
(6) AB Sandvik Steel, Sandviken, Sweden. 
Abstract 
This paper reviews the projects of the sub-package on waste incineration and biomass firing, 
carried out wilhin CaST 50 I, Round IJI, Work Package 13. The corrosive effects of 
incinerator and biomass comhustion gases and deposits on heat exchange surfaces are weil 
known. With regard to the complex environment, further laboratory based and long term 
plant evaluations were necessary to predict the corrosion behaviour in existing and future 
plants. The projects in the sub·package have covered the corrosion behaviour of candidate 
alloys and coatings with respect to Iife time prediclions and the applicability of advanced 
steam conditions. Basic mechanisms of corrosion and the effect of impurities, in particular 
for components of biomass fired boilers, were studied. 
Keywords: corrosion, wasle incineration, biomass, superheaters, resistant alloys. 
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PRACTICAL EXPERIENCE IN THE DESIGN AND 
OPERATION OF AN INDIRECT FIRED GAS TURBINE 
PLANT USING AN ODS FERRITIC ALLOY HEATER 
F Starr 
ERA Technology Ltd, Cleeve Road, Leatherhead 
Surrey, KT22 7SA, England 
Abstract 
The paper describes the design, construction, and operation of a small scale, natural gas 
fired heater, using ans ferritic alJoy tubing, for ademonstrator I MWTH Closed eyde Gas 
Turbine system Thc design of the heater was of the "Harp" type. This was dictated by the 
limited size and shape availability of balh ODS alloy rubing and cast stainless steel header 
materials, and the difficulties of using fusion welding with ODS alloys. Peak metal 
temperatures on the tubing were 11 sooe. The paper also briefly reviews related work wilh 
ODS alloy development and understanding. lt is considered that it would be possible 10 
construct an indirect fired or advanced steam turbine system, based on an ons ferritic alloy 
heat exchanger, using coal as a fue!. 
Key words: Heat ExchllI1ger, Closed Cycle Gas Turbine. High Temperature, OOS Alloy, 
Oxidation, Nitridation, Embrittlement, Dissimilar Metal Joints. 
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NEW J)EVELOI'I\JENT IN LANJ)-BASEJ) GAS TlIIWINE 
TEClINOI,OGY 
T Sdlllll'IIhCI g 
SICIlll:II~ A(i. I'mHT (icllcialjull ("WU) 
f\'fOlhcim. (JCfmtlny 
Allslracl 
Applit:ation ur ;H:ro-t'llgilll' [l'c.:hIlOlllg~ lu l;lIld-llIlscd gas turhines Ims impl'm-n1 [heir 
jlowcr lllllpnt ami cflicil'lIc~' h~' jI Ic\olliliollary steJl Thc lIew SIEI\IENS gas lurhlllc 
Vt)4.JA inc!mlL's IIn.:sc tccllllOI(lgil'S ;lllcr a sl1cn'sslill coopcr;11i(l1l \\'ill1 Prall &. Whilllc~' 
Future Irl'Ilds in cooling In:hIlCJ!oR\' nr bnd-hascd gas [urhilles will cOllcclllrak (111 
lIlillillllz;1I!OIl nr lc;1kngc. dleetin: usc 01" C(loli llg mr and !';uhsliwlilJll 01' air hy s[cmn. 10 
."ol\'!.: Ihe prohlem 01' lIIil.'\illlil.alioll {lI" turhiJll' inlet [l'lIlpCrallll'l'S \\hik minillilzing 
wlIIhllSlof ll"llIc Icmpcmllln.'s. 1\1:llcrials (1)[ l:Olllhll."lor ami turhine cOlllponenls .c;h:lll 
;lIllm In illl.'IC:lSC material ICmpCI;\IIIn.:s "itholll ,Iü\·illg "11 ;\IIY 01" Ihc high ~lrcllglh 
plopl'flics. Single crysl:-.1 :-.lIoys ami Ihermal haITicr co:-'Iings harc hcen inlnKluc(""{1 no\\" 
s\lt.:t.:c.~.<irully 10 land-bascd gas Iw hilll'S. Futurc tcdlllologics shall COIlCClliraic on cCfamics 
fix tlu:rmal ill.'miatillll 01' comlmslors ,lS \\c11 as lin turhine airlilils 
lüywun!s: grls tnrhlllc. npplic:llion. coolillg IcchJlology. ceramies. t:o/llhm,toL turhine 
19 017 
THE CHARACTERISATION OF THE SINGLE CRYSTAL 
SUPERALLOY CMSX-4 FOR INDUSTRIAL GAS TURBINE 
BLADING APPLICATIONS 
C.K. BuUough', M.Toulios', M. Oehl', and P. Lukas' 
[ Mechanical Engineering Centre, GEC ALSTHOM Power Generation, 
Cambridge Road, Whetstone, Leicester LE8 6LH, UK 
2 Engineering Consulting, 11 Scoufa Street, Athens 10673, Greece 
3 ABB Power Generation Ud, Gas Turbine Basic Development, 
Power Plant Development, CH-5401 Baden, Switzerland 
4 Institute ofPhysics ofMaterials, Academy of Sciences oflbe Czech Repuhlic, 
Zizkova 22, 616 62 Bmo, Czech Republic 
Abstract 
The use of single cryslal (SC) superaBoys in advanced blade designs of industrial gas turbines (lGT) is 
widely regarded as necessary in order to achieve the required increases in flfing temperatures. However the 
inherent anisotropy in these materials, as weil as the anisotropy occurring due to microstructural changes 
after high temperature exposure, pose significant difficulties in the design assessment of components. The 
comprehensive characterisation of a candidate SC superalloy is therefore an important fIrst step in 
understanding its defonnation and failure behaviour, including the microstructural aspects of relevance to 
Iifmg prediction, and hence to provide the information required in the development of advanced design 
assessment methodologies. Preliminary data for the commercially available SC superaUoy CMSX-4 have 
shown that it offers up to a 70°C advantage over traditional conventionally cast alloys and can be used in 
IGT provided it is eoated in order to withstand the aggressive operating environment. A major part of the 
work of Ihe SC Subgroup, Work Package 14 of Ihe COST SOl programme has Iherefore concerned the 
characterisation of CMSX-4 in accordance with the above objedives. Emphasis was placed in 
understanding the behaviour of CMSX-4 in Joading and temperature regimes of relevance to IGT 
applieations and also in examining pertinent aspects of its behaviour, such as the strain rate sensitivity of 
the monotonie/cyelie defonnation and failure, the anisotropy of the creep behaviour, and the interaction of 
creep - LCF and creep - HCF loadings. 
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DEFORMATION MODELLING OF THE SINGLE CRYSTAL 
SUPERALLOY CMSX-4 FOR INDUSTRIAL GAS TURBINE 
APPLICATIONS 
M. Toulios', R. Mohrmann', G. Fleury" 
l Enginccring Consulting, 11 Scoufa Strret, Athens 10673, Grcccc 
1 Fraunhofer Institut rur Werkstoffmechanik, 
Wöhlerstra~c 11, 79108 Freiburg, Germany 
] Forschungszentrum Jülich, Institut tuT Werkstoffe der Energietechnik 
D-52425 Jülich, Germany 
Abstract 
Single crystal superalJoys (SC) are actively being considered for use in industrial gas turbines 
(lGT) and it is thcrcfore necessary to address the development of design asscssment 
mcthodologies in parallel with the characterisation of candidate alloys. Previous design 
practicc, as applicd to conventionally cast components. involved a combinalion of simplified 
design rnelhods and inclastic Finite Element (FE) analyses, particularly in cases where the 
prcdictions of the fonner were found 10 be too limiting. However, due to the anisotropy of the 
material response, the structural analogies used to support existing simplificd methods are no 
longer applicable and inclastic FE methods are considered as essential in thc prcdiction of life 
of SC components. A number of the activities of the SC Subgroup of Work Package 14 
Iherefore concemcd the dcvclopment of material models which ean be used to predict the 
anisotropie defonnation bchaviour of the commercially available alloy CMSX-4 in the 
lempcralurc range 750°C 10 950°C, Thc present paper discusses first several relevant issucs 
conccming the design asscssment of single crystal components and thell procecds to examinc 
two defonnation models which have bcen devclopcd in the SC Subgroup. Ernphasis has bccn 
placed in modelling aspeers of the defonnation which are relevant to lGT, in particular the 
anisotropy ofthe creep defonnation and the evolution of rafting. 
Keywords: design assessmcnt of bladcs, anisolropy of ereep behaviour, deformation modellillg 
ofCMSX-4, rafting in CMSX-4 
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THIRD GENERATION SUPERALLOYS 
FOR SINGLE CRYSTAL BLADES 
P. Caron and T. Khan 
Office National d'Etudes el de Recherehes Aerospatiales (ONERA) 
BP72 - 92322 Chlitillon Cedex - France 
Abstract 
019 
The development of the single crystal (S.C.) blade casting technology has authorised the 
design of new nickel based superal10y chemistries suitable for this manufacturing process. 
These S.c. bl ades are now currently used within the most advanced gas turbine engines for 
civil and military aircrafts and helicopters. The first generation single crystal superalloys 
developed at the beginning of the eighties were originally derived from polycrystalline 
superalloys such as Mar-M247 which was the precursor of the CMSX-2 and CMSX-3 S.C. 
alloys developed by Cannon-Muskegon Corporation. Within the same period, the S.C.alloys 
PWA 1480 and Rene N4 were developed in the USA respectively by Pratt & Whitney Aircraft 
and General Electric, the alloys SRR99 and RR2000 were designed by Rolls Royce in Great 
Britain, and the alloys AMI and AM3 were developed in France. 
A significant improvement of the mechanical properties of the single crystal superal1oys, 
especiaHy their eleep strength, Was then obtained due to the deve]opment of the so-called 
second generation S.C. superalloys. The main feature of these new a1loys was that (hey 
contained about 3wt. % of rhenium. The principal advantage of rhenium is to slow down the 
coarsening rate of the strengthening y phase precipitates during high temperature creep and 
hence to improve the stress-rupture life. On the other hand, these rhenium additions increase 
the density of the alloys compared to the 1 sI generation materials, render these materials more 
prone to the precipitation of britUe intermetallic phases topologically c1ose-packed (TCP) 
phases and make the alloys much more expensive. Typical examples of 2nd generation S.c. 
alloys are PW A1484, Rene NS and CMSX-4. An other criterion could however be selected for 
the definition of these 2nd generation alloys, based on the high temperature ereep strength. In 
these conditions, the MC2 superalloy developed by ONERA is an integral part of this group, 
in spite of the fact that it does not contain rhenium. It is also a cheap alloy. 
More recenUy, alloy designers tried to improve again the high temperature capability of the 
S.C. blade alloys by increasing the content of rhenium up to about 6 wt.% in. third generation 
alloys. The challenge was to achieve higher creep strengths, without increasing the density and 
by keeping the alloy not too much prone to the precipitation of TCP phases. The high level of 
refractory elements such as tungsten and rhenium may be also a drawback for these aJloys, in 
terms of castability of S.C. components. Typical 3rd generation single crystal alloys are Rene 
N6 and CMSX-IQ alloys. Other 3'" generation alloys are also today developed in different 
parts of the world. As an example, a family of new generation single crystal superalloys are 
under development at ONERA, showing competitive overall properties compared to the U.S. 
alloys. 
A critical review of the approach for Ihe development of these third generation S.C. alloy is 
made, trying to identify the advantages and drawbacks of this new family. This will allow us 
to judge the importance of these new materials in the context of aeronautical and industrial 
appJications. 
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DISC MATERIALS FOR ADV ANCED GAS TURBINES 
G. Härkegärd' and J.Y. Guodou' 
'Norwegian University of Scießee and Technology, Trondheirn, Norway 
2SNECMA, Moissy-Cramayel, France 
Abstract 
Recent development trends for single aIJd combined eycle gas turbine power plant are high-
lighled. Problems related to design. materials solection and manufacture of gas turbine rotor 
discs are discussed. Increased size and temperature level give rise to increased centrifugal 
und thennal stresses. These loads are assessed in tenns of burst, low-cycle fatigue and crack 
growth (defect tolerance). The limitations of ferritic steels and Ibe oppornmities and risks 
involved in using austenitic aJloys in discs for large industrial gas turbines are discussed. 
Aera-eogine disc technology is reviewed and its potential in conneclion with industrial gas 
turbine discs is considered. 
Keywords: industrial gas turbine, aero-engine, gas turbine disc, centrifugal stress, burst 
speed, thermal stress, low-cycle fatigue, fatigue crack growth, creep crack growth, ferritic 
steel, iron-base alloy, nickel-base alloy. 
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GAMMA TiAl INTERMETALLIC FOR GAS TURBINE APPLICATIONS 
M.Nazmy* and V.Lupinc' 
* ASB Power Generation Ltd, Baden eH 
'CNR-TeMPE,Milano,Italy 
Abstract 
Gamma titanium alurninide intennetallics possess a unique combination of properties such as low 
density, high stiffness and good high temperature strength. This combination of properties is 
beneficial to a variety of components in gas turbines. For example, the application of gamma TiAl 
base material as a Iightweight bl ade in the last stage blading will result in lower centrifugal 
stresses, in turn, will permit the use of larger blades which lead to improved efficiency and power 
out-put. 
In the framework of COST SOIIIII WPl4 sub-task Gamma TiAl, an extensive effort has been 
carried out to evaluate the different aspects of physical and mechanical properties of the ABB 
patented cast alloy Ti-47 Al-2W-0.SSi. 
In the present paper, an overview is given on the different types of the evaluated properties of 
this duplex microstructure material consisting of mainly lamellar y/(1.2 and globular y grains, and 
small amounts of ß and Ti,Si, silicides. 
The evaluation of mechanical properties, specially at high temperature, showed that: 
- The y-TiAl material exhibited improved density corrected tensile and creep strengths as 
compared with the IN738LC Ni-base superalloy. Nevertheless, the tensile ductility of the y-TiAl 
material was lower than that ofIN738LC In addition, the y-TiAI, due to its low density, exhibited 
higher speciftc stiffness than that ofIN738LC 
- The LCF properties ofthe y-TiAl at 600 and 700·C was comparable with those ofIN738LC 
- The HCF behavior was characterized by a different behavior than that ofIN738LC: (al less steep 
S-N curves and (b l high ratio of the endurance limit / ultimate tensile strength. 
- The fatigue crack propagation behavior exhibited lower fracture toughness compared to 
IN738LC and an environmental effect balanced by a stress relaxation effect at high temperature. 
- The oxidation and corrosion resistance of the y-TiAl material showed improvement over those of 
IN738LC Nevertheless, a protective coating is essential for the y-TiAl at temperatures >700·C. 
- On the basis of the findings of this evaluation activity, one has to take into consideration the 
gradients ofmicrostructure, and heuce ofproperties, existing in cast ,,-Ti Al components. 
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CONSIDERATIONS ON SOLIDIFICATION PATHS AND 
DEVELOPMENT OF NEW CASTABLE GAMMA 
TITANIUM ALUMINIDES 
S. Naka 
Office National d'Etudes et de Recherehes Aerospatiales 
29, A v. de la Division Leclerc, 92322 Cbillillon CEDEX, France 
Abstract 
This paper deals with new cast gamma titanium aluminide alloys developed al ONERA, 
based on examinations of the roIe of soHdification paths. While most of lhe alloys previously 
identified solidify through a showing an as-cast microstructure characterized by the presence 
of colunmar a grains in which all the 'Y lamellae are fonned perpendicularly {O the axis of 
Ihese grains, our alloys solidify througb ß, the initial ß gralns being divided inlo differenlly 
oriented colonies cf ct platelets in which "Ilamellae are subsequentLy fonned. Although bath 
categories cf alloys show a "(+aZ lamellar structure, the new ß-solidification alloys exhibit 
much Iess texture and smalJer grain size than the a-soJidification altays such as Ti-48Al-
2Cr-2Nb. Mecbanical tests conducted on the new alloys such as Ti-46.6Al-2Re-O.8Si. 
without any specific optimization of beat treatments, suggest that they show a reasonable 
room-temperature tensile ductility, together with an exceUent high temperature creep 
strength. 
Keywords : Iotermetallics, TiAl. Cast alloys, Alloy development 
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THE EXPLORATION OF PROTECTIVE COATINGS AND 
DEPOSITION PROCESSES FOR NICKEL-BASE ALLOYS AND 
GAMMA TITANIUM ALUMINIDES 
D F Bettridge', R Wing', and S R J Saunders' 
'RoJis-Royee pie, Derby, United Kingdom 
2Chromalloy United Kingdorn Ltd, Somercotes. Derbyshire, Uniled Kingdom 
'National Physieal Laboratory\ Teddington, Middlesex ,Un\ted Kingdom 
Abstract 
Three projects contained within Work Package 15 of COST 501 Round 3 were concerned 
with thc development and evaluation of more durable protective coatings and the associated 
deposition processes for gas turbine components manufactured in nickel base alloys and 
titanium aluminide materials. The aim cf the work was 10 study the relative merits of a wide 
range of thermal spraying, physical vapour deposition and chernienl vapour deposition 
techniques for the deposition of unique oxidation resistant caatings containing noble 
metallreactive element additions and, or non~metallic strengthening phases, and to 
subsequentLy evaLuate the mechanical properties nnd cOrTosion and'oxidation resistance of the 
most promising candidates. The deposition processes included high velocity oxy-fuel 
spraying, reaclive gas plasma spraying, electron beam evaporation und magnetron spultering 
and the coatings ranged from the more extreme pla1inum aluminide compositions to complex 
overlay coatings with and without non metallic 1hin film diffusion barriers. 
Keywords: coalings, platinum aluminides, MCrAIY's, intennetallics, mechanical properties, 
corrosion. 
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THERMAL BARRIER COATINGS FOR GAS TURBINE 
APPLICATIONS - FAlLURE MECHANISMS AND LIFE 
PREDICTION 
L. Singheiser, R. Steinbrech, W.J.Quadakkers, D. elernens, B. Siebert 
Research Centre Jülich, Institute for Matcrials in Energy Systems 
0-52425 Jülich, Germany 
Abstract 
Typical propcrties of thermal barrier coatings (TBes) for industrial gas turbines 
as weil as acro engines are describcd. The coating deposition proccss parameters 
have to be controlled carefully to rcducc the wide scatter of physical and 
mechanical properties reported in the literature. Typical failurc mechanisms of 
TBCs are described, which can be attributcd to high residual stresses resulting 
from the manufacturing process. Oxidation of the bond coating affects 
significantly long-tenn behaviour of TBCs resulting in spallation of the alumina 
scale. Supcrimposed mechanical stresses promote crack formation under tensile 
strains higher than 0.5 % and spallatiol1 undcr compressive stresses. Sintering 
effects of TECs above 1000 °C increase Young's modulus of the TEes and 
results in phase changes above 1150 °C of the TBC. Service performance 
evaluation mdicatcs timt spallation of EB-PVD coatings primarily occurs by 
buckling ofthe alumina scalc formcd bctwccn the bond coat and the TBC. 
Keywords: TECs, physical propcrtics, mcchanical properties, EB-PVD, APS, 
MCrAIY. ahll11ina scrdc, Ti additions, coefficient ofthermal expansion 
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LIFETIME AND DEGRADATION PROCESSES 
OF TBCs FOR DIESEL ENGINES 
I. Kvemes', E. Lugscheider"', F. Ladru'" 
') Kyemes Technology AS, Munkedamsveien 96, PO Box 2806 SoHi; N-0204 0510, Norway 
") Aachen University ofTechnology, Materials Scießee Institute, D-52065 Aachen, Gennany 
Abstract 
Development ofTherrnal Barrier Caatings (TBes) for diesel engines has attracted great 
interest to improve engine emcieney and reduce emissions as weil as fuel consumption. 
Thc following contribution includes a discussion abaut the effects of TBC use in 
combustion zone of diesel eogines. Different degradation mechanisms working on TBC 
system in diesel combustion environment will be explained. Thc very different 
requirements to a TBC system demand a tailored approach of materials development, 
process control and engine testing. Spraying of thick TBCs on large components with 
evident lang process times requires on-line process control far efficient processing, 
reproducibility and quality assurance. A multi-disciplinary approach of materials 
science, process engineering and component testing will be reviewed. 
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THE IMPACT OF MATERIALS RESEARCH FOR 
ENERGY TECHNOLOGIES PROVIDING FOR THE 
TWENTY-FIRST CENTURY 
R. Theenhaus, F. Schuhert 
Forschungszentrum Jülich GmbH, 52425 Jülich, Germany 
Abstract 
The research and development of materials for advanced power generalion systems airn 
to provide materials and components that can operate under the increasingly demanding 
service canditions imposed by new energy technologies. For fossil fired plant the applied 
research work for the production of transpiration-cooled gas turbine componenls is 
described. The physical principles behind the newly emerging fuel cell technology are 
summarized and the materials research for the high temperature Solid Oxide FueI Cell 
(SOFe) is discussed, with emphasis on the interface problems and long-term stability. 
The physical principles for nuclear fusion, demonstrated for Tokamak (HER) and 
stellarator (Wendelslein 7-X) facilities iIIustrate the severe loading imposed on the 
plasma-facing components. The emphasis is given to the impact of heat flux exposure and 
neutron irradiation. The examples of materials development for advanced energy 
technologies demonstrate the trend away from the development of the materials 
themselves to consideration of material combinations and composites. 
Keywords: materials development, power plant, fuel cells, nuclear fusion 
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THE ADVANCED TURBINE SYSTEMS PROGRAM 
IN THE U.S.A. 
W.P. Parks, Jr., P. Hoffman 
Office of Industrial Technologies, U.S. DeparLment of Energy. Washington. D.C. 20585 
und 
M.A. Karnitz, I.G. Wright 
Oak Ridge National Laboratory, Oak Ridge, Tennessee 37831 
Abstract 
The Advanced Turbine Systems program was initiated by the U.S. DeparLment of 
Energy, in cooperation with the gas turbine industry, to develop high-efficiency gas 
turbine systems for base-load utility and industrial markets. For electric utility 
applicatioß, the gas turbines will have an efficiency rating of at least 60 percent. 
improved environmental compliance und, in operation, will lead to a reduction in the 
cast cf electricity, The efficiency goal for gas turbines intended for industrial power 
generation systems is defined differently: these will be at least 15 pereent more 
effieient than eurrent gas turbines for this service. The baseline fuel is natural gas. 
The pro gram includes both the development of higher firing temperature eapability 
and innovative eycles. ]n some designs, the effieiency goals mandate the use of 
turbine rotor inlet temperatures approaehing those of eurrent high-performance 
aireraft engines, together with a reduetion in the amount of air taken from the 
compressor for use in eooling. As a result, the ATS program includes major 
initiatives in combustor design, airfoil design for improved aerodynamic effieiency, 
and more efficient schemes for eooling critical components. For industrial gas 
lurbines, initiatives include the inearporalion of cyde modifieations such as 
reeuperation and an advanced steam botloming eyele, and the use of ceramie 
eomponents. The materials needs far these developments are being addressed bOlh 
by efforts speeific to a given manufacturer, and by an overall support effort whieh is 
addressing (1) improvement of manufaeturing processes for single crystal airfoils, (2) 
processing of thermal haITier eOalings, (3) generation of mechanical property data for 
candidate ceramies, ,md (4) characterization of the modes of degradation of eritical 
components (such as thermal baITier eoalings) for use in improved life prediction 
modeling and in performance monitoring. The program involves the major U.S. gas 
turbine manufaclurers, universities and National Laboratories. Demonstration of one 
advanced design for each area of application is expectcd by the year 2000. 
Keywords: advanced gas turbines; single crystal alloy casting; thermal barrier 
eoatings; properties of ceramics. 
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STEAM PLANT MATERIAL DEVELOPMENTS IN JAPAN 
Fujimitsu Masuyama 
Mitsubishi Heavy Industries, LId. 
5-717-1, Fukahori-machi, Nagasaki 851-0392 
Japan 
Abstract 
Steam canditions for thermal power pJants have recently been raised in order to respond to 
environmental protecüon and energy conservation concerns. In Japan steam conditions with a 
temperature of 600'(; have a1re.dy been adopted for newly construeted pl.nts. and .625'(; c1ass is 
expeeted to be realized soon; the final goal will be a 650'(; c1ass with ferritie steels. Sinee 1960 
numerous studies on the heat resistant steels for boiler and turbine applications have been actively 
conducted. Among the various materials deveJoped for advanced steam cyeles, major progress has 
been seen in 9-12Cr steels for boiler pipe work and turbine components, and in austenitic steels for 
superheater and reheater tubings. In partieular, reeently developed ferritie 9-12Cr steels have 
become stronger than conventional austenitic stainless steeis. Most recent 9-12Cr steels have a 
ereep rupture strength of 140MPa at 600'(; for 100,000 hours. Such enhaneement in ereep strength 
is aehieved by the a1loying of tungsten substituting molybdenum. Strengths of 180MPa at 600'(; or 
130MPa .t 650'(; are anticipated in the near future for ferritie steels by means of further studies on 
the role of aHoying elements such as cobalt on ereep strength. This paper deals with steam plant 
material developments and materials technology für advanced heat resistant steels in Japan. 
Ke)'words: Boi/er Material, Turbine Material. Heal Resistalll Sleels, Creep Streng/h, Hot CorrosiolZ 
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THE NEW COST ACTION 522 - "POWER 
GENERATION IN THE 21ST CENTURY:-
ULTRA EFFICIENT, LOW EMISSION PLANT" 
D.H. Allen 
ALSTOM Energy Technology Centre, Whetstonc, Leicester, LE8 6LH, UK 
J.E.Oakey 
031 
Cranfield University, Power Generation Technology Centre, Cranfield, MK43 OAL, UK 
B. Scarlin 
ABB Power Generation Ltd. CH-5401 Baden, Switzerland 
Abstract 
The major challenge facing the power generation industry moving into the 21 st 
century will be to achieve the targets of increased efficiencies brought about by 
stringent environmental regulations, whilst ensuring reliability, availability, 
maintainability and cast are not compromised. 
Over the last decade the European CaST programmes have made a considerable 
contribution in improving efficiency and reliability of power generation plant via 
major advances in materials technologies. Many of the materials and technologies 
developed in these programmes are currently in use in existing plant across the 
world. 
Whilst significant benefits have been gained from the COST collaborations it was 
recognised that significant challenges stilllay ahead. Therefore. during late 1996, the 
major European power plant manufacturers had discussions and brought tagether a 
new proposal wh ich would address key teehnology areas to take the European power 
generation seetor into the 21st century via continued collaboration. This proposal 
was approved by the EU in late 1997 and obtained the mandatory five signatures 
from participating countries govemment officials in April 1998. 
This paper deseribes the objeetives of the new COST action designated COST 522, 
gives an outline of the technieal work packages that will be carried out and how the 
programme will be organised and administered. 
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INVESTIGA TIONS ON LARGE TURBINE CASINGS AND 
VALVE BODIES MADE OFNEW 9-10%CR-CASTSTEELS 
AND IMPROVEMENT OF CASTING TECHNIQUE 
AND QUALITY PERFORMANCE 
Hanus R., VOEST ALPINE STAHL LINZ GmbH, Foundry, Linz, Austria 
Schuster FA, VOEST ALPINE STAHL LlNZ GmbH, Foundry, Linz, Austria 
Buber! A., VOEST ALPINE STAHL LlNZ GmbH, Found!)', Linz, Austria 
Cerjak H., TECHNICAL UNIVERSITY GRAZ. Graz, Austria 
Abstract 
SIed castings made of creep resistant steels playa kcy role in fossil fnel fired power plants, 
for highly loaded componcnts in thc high- and intemlcdiate- pressure sections of a turbine. 
Inner-, outer- <lnd valve- casings, in let pipes and elbows are cxamples for these critical 
componcnts. In the developmclIt for higher efficicncies of thc power plants and thc 
improvemcnt of crcep rcsistance for the involved materials, also the casting stccl grades have 
10 bc adaptcd to the increased demands 011 material propcrtics. This paper shows the 
cOlltributioll of a steel faundry to thc European CaST-programme for thc development of a 
!lew lO%Cr sted grade. It also shows the introduction ofthe new 9-10%Cr casting stccls G-X 
12 CrMoWVNbN 10 1 1 and G-X 12 CrMoVNbN 91 into commercial productiOll ofheavy 
castings 
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CREEP PROPERTIES OF HEA VY WALL COMPONENTS 
FOR FORGED 9Cr-1.8W-O.5Mo-NbVN(NF616) STEEL. 
Y. Hascgawa*, M. Ohgami*, H. Mimura** and H. Naoi*** 
S. Kinbara "nd T. Miy"molo 
*Nippoß Siecl Corporalion, Tcchnical Dcvclopmcnl Bureau. 
"Nippon Slecl Corporalion, Head Office. 
*** Hosci Univcrsily, Institute or Mcchanical Engineering 
**** Daido Stec) Corporali«m LTD. 
***** ,Japan Casting and Forging CorponJlion 
Abstract 
W containing fcnilic heat rcsistant siccis, NF616, fur boiler applicaHons advanccd 
cspcciaJly in Ihcir creep rcsislancc al clcvalcd lempcralurc. Incrcasing slc3m prcssure and 
stcam lcmperaturc fUf power generation plant acccIcrale thc dcvclopmcnl of Ihe tatest W 
containing high crcep mpturc strength siecIs in order to apply Ihc hcavy wall componcnls 
as main slcam pipe and hcaders. 
Forging process folluwing the vacuum induc(jon rurnacc or elcdnc rurnace melling 
produccd the heavy wall NF616 componenls. Long Jlormalizing time fol' homogenizing and 
tcmpcrillg aHained the tempered rull martensHie micro-slruclure. Eslimated creep ruplure 
slrcngth at 600°C and creep strain rate almnst agrccd (hose ur (hin wall NF616 stccls in 
comparison. 
According to the hardenabilily investigatioß through the continuous cooling rate 
transrormation diagram, even 400mm thiek wall pipe material indicales the hO)ßogeneous 
micro-struclure. 3 hnllrs ßormalizing is enough 10 obtain Ihe uniform mechanical 
propcriics and stable creep propcrtics. 
Extracled residuc amount change in elements tungsten, molybdcnum, chromium and 
iron also weil agreed lhose of lhe lhin wall NF616 up lo 10,000 hours aging. Therefore, long 
time creep propcrtics are possibly rollow the rcsulls oflhin wall NF616 materials. 
Kcywords : Crccp, Forging, Hcavy wall, Fcrritic stccl, prccipi(alion 
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LOW STRESS CREEP OF P91 TYPE 
BEAT RESISTANT STEEL 
L. Kloc and V. Sklenicka 
Institute of Physics of Materials 
Academy of Sciences of the Czech Republic 
Ziikova 22, CZ-61662 Brno, Czech Republic 
A3 
Short-term creep tests up to 3000lus were performed on a p w 91 type heat-resistant 
steel at temperatures from 873 I< to 923 K alld stresses from 1 MPa to 95 MPa, using 
thc helicoid spring specimens technique. Thc observed creep rates corr€spond to 
viscous behaviour under given conditions, in contrast to power-Iaw creep behaviour 
at higher stresses. Since thc stress exponent at higher stresses is 10 01' more, thc 
change in thc deformation mechanism at lower stresses is proved. 
Thc transition from viscous creep to power-Iaw creep is relatively sharp und corre-
spünd to independent contdbution of the two mechanisms into total creep strain. Thc 
transition stress is about 100 MPa at 873 K and 65 MPa at 928 K. The service load-
ing conditions of the steel respond to the viscous creep area elose to the transition 
to power-Iaw creep. Extrapolation from power-law creep regime to Iow stresses can 
cause seriotls underestimation of predided deformation rates. 
The creep rates observed with P-91 steel under low stresses are lower than that of mild 
Ct-iron by Iess than three orders, while the diference under power-Iaw creep regime is 
eight orders 01' luore. Unlike under power-Iaw creep regime, the creep-strengthening 
structural elements exhibit only low effideney under viscous creep regime. 
The ereep rate at lew stresses is in a very geod agreement with eoble theory of 
diffusional creep. On the other hand, strongly pronounced primary part af creep 
curves cannat be simply explained by the diffusional creep theories. Since the grain 
size dependence of creep rate was not investigated in this work, it i8 impossible to 
identify operating creep mechanism reliably. 
Though the effect of viscous creep mechanism on the creep rupture time remains 
questionable, it provides an alternative explanation for decreasc of creep life in long-
term experiments. 
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Figure : Measured C?'eep aLtes 0/ P-91 steel at 813 K compared to crcep rates o/o:-Fe 
and theoretical rates 01 Goble diffusion al creep. 
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Small Punch Tests on Steels for Steam Power Plant 
E. FLEURY and ].S. HA 
Korea E1ectric Power Research lnstitute 
103-16 Munji-dong, Yusung-ku, 
Tacjon. 305-380 
Rcpublic of Korea 
Abstract 
Small punch test tcchnique has been used to cxtract thc mcchanical 
properties of steam power plant comJXloents [rom using miniature specimens. 
Linear relationships were obtained between mechanical characteristics 
detennined from small punch test and from standard tests. Analytical 
formulations were uscd to evaluate thc uniaxial strcss-strain mechanical 
bchavior. Two approaches of thc fracture mechanics have been applied to 
estimate thc fraetufe toughness in thc upper- aod lowcr-shelf regimes. 
Estimated values cf thc fracture toughness from small punch test." were 
found to bc comparable with those obtained from Charpy impact tests. 
Kcywords : small punch test, mechanical behavior, fracture appearance 
transition temperature, fracturc toughncss, modeling. 
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MACROSCOPIC CONSTITUTIVE LA WS FOR 
CREEP L1FE PREDICTION 
v. Sklenicka, K. Kuchaiova and L. Kloc 
lnstitutc of Physics of Materials 
Acaderny ofScienccs ofthe Czech Republic 
Zizkova 22, CZ-616 62 Bmo, Cweh Republie 
Abstract 
A5 
Creep and creep fracture are phenomena of major practical relevance, often limiting the lives of 
components designed to operate for lang periads under stress at elevated temperatures. For 
components and structures subject to creep loading, it is therefore necessary to know the stress 
which the relevant materials can sustain at the service temperatures without reaching same 
limiting creep strain and/ar without creep fracture occurring within the planned design life 
However, with modern power stations designed for lives over 30 years, procedures are required 
to allow the results obtained in short-term tests to be extrapolated to provide accurate long-term 
design data. 
There are two faetors which make such extrapolation difficult. First, there is no dear idea of the 
nature of the extrapolation functions which must be app!ied and this results in a requirement far 
lang-term creep data with failure !ives quite elose to the design life. Secandly, even when suitable 
lang-term data are available, they contain so much scalter that only order of magnitude estimates 
of creep li fe are passible. 
During alm ost half a .century of the research etTort many ditTerent extrapolation methods have 
heen proposed on ditTerent levels of sophistication. At present ideal Iife time prediction models 
da not exist but engineers still need to use prediction models which can be easily and reliably 
used to extrapalate short-term data to long lives with the minimum number of fit parameters that 
are required. At the same time, when using models it is important to be aware oftheir !imitations 
as each existing model has different strengths and weaknesses. 
Early work by Sand ström and Kandyr reported a parametrie procedure ror lang-term creep 
property extrapolation, termed the n method. rhus, the n methodology provides achallenging 
alternative to conventional theoretical and empirical approaches to creep li fe prediction This 
aHern.tive methodology has been very recently used by Nonaka et al. for evaluation of creep 
residual life for the modified 9Crl Mo steel. rhe present paper has attempted to assess same of 
the limitations and the deficiencies of the n methad by reference to the short-term creep tests (up 
10 15000 hours) available far a high slrength 9%Cr steel (Grade P91) at three temperatures from 
823 to 923K over a limited range ofstress. 
A6 40 
NOTCHED BEHA VIOUR OF P91 STEEL UNDER 
CREEP/FATIGUE LOADING 
L. Kunz, P. Lukas and Z. Kuosl 
Institute ofPhysics ofMaterials 
Academy of Sciences of thc Czech Republ ie 
Emo, Czech Republic 
Abstract 
Smooth and circumferentially notched bars ofP91 steel were tested uoder creep/high eycle 
fatigue conditions at 600°C in air. Tbc strong notch strengthening effeet due to stress 
triaxiality near thc nolch root was ohserved for pure eTeep and creep/fatigue loarling with 
small cyclic stress component. Increasing cyclic stress component aets against thc notch 
strengthening effeet. Results of theoretical analysis of thc stress triaxiality were corre1ated 
with thc lifelime of notched specimens. Their lifetime cao be predicted using the eTeep 
characteristics of smooth specimens; good agreement between experimental and predicted 
data was found. 
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CREEP CRACK GROWTH IN 9CrMoVNbN STEEL 
V.Bina, O.Bielak', lHald 
SVUM, a.s., Research Centre Beehovice, P.O.BOX 17, 190 11 Praha 9 
'Bisafe, s.r.o., Malebna 1049, 14000 Praha 4 
Czech Republic 
Abstract 
A7 
A creep crack growth in the P91 type of steel made by VITKOVICE, a.s. is analysed. Tested 
material was hoth in an 'initial' and 'aged' state (after annealing at 625°C for 5000h) when the 
structwal reaclioDs resulted in a fieae - stable state, in which structure after lang-tenn service 
exploitation was modelIed. Experiments were carried out on DCBT speeimens at temperature 600 
°C and evaluated mathematically using adequate fracture rnechanics parameters. Besides creep 
crack growth rates, also the time 10 initiation of creep crack growth were evaluated. 
The main achievements are as folIows: 
1. forrnulation ofthe rnathematical model ofcreep strain curves, 
2. calculation ofthe redistribution ofstress undercreep and theoretical estimation ofthe time 
to crack initiation, 
3. verification ofthe dependence ofthe time to crack initiation on the stress intensity faetar, 
4. verification of the dependence of the time to crack initiation on the fracture mechanics 
parameters. 
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RESEARCH AND DEVELOPMENT OF 
ADV ANCED FERRITIC STEELS 
FOR 650°C USC BOILERS 
F. Abe, M. Igarashi, N. Fujitsuna, K. Kimura and s. Muneki 
Frontier Research Center for Structural Materials. National Research Institute for Metals (NRIM), 
Tsukuba, Japan 
Abstract 
The creep ruplure strength and oxidation resistance have been improved to develop advanced 
ger steels for thick section boiler cornponents of 650 oe ultra-supercritical (USC) plants. 
Thermo-cale calculation shows that the addition ofhigh-Cr or high-Si for the improvement of 
oxidation resistance promotes the formation of Ö -ferrite. Of the austenite stabilizing 
elements for suppressing the formation of 0 -ferrite, high meHing point elements Ir, Rh and 
Pd are promising for strengthening the martensite matrix because of their smaller diffusion 
rates and larger Young's modulus than those ofNl, Cu and Co. The creep rupture strength of 
0.08C-9Cr-3.3W-VNbBN steels increased with increasing Ir concentration up to 4%. The 
weight gain oro. L5C-8.5Cr-2W-VNb steels during oxidation in air at 650 - 750°C decreased 
with increasing Si concentration up to l%. The combined addition ofSi and Ti significantly 
improved the resistance to oxidation, indicating Ti can be used to substitute for apart of Si. 
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EFFECT OF Re ADDITION ON THE CREEP STRENGTB OF 
BEAT RESISTANT Cr-W STEELS 
F. Masuyama and N. Komai 
Mitsubisbi Heavy Industries, Ud. 
5-717-1, Fukahori·macbi, Nagasaki 851-0392 
Japan 
Abstract 
For tbe last several decades, extensive studies On heat resistant steels have been conducted 10 develop 
steam plant materials far boilers and turbines. Tbe roles of alloying elements such as V, Nb, Mo, W, 
and Co are weIl recognized for the improvement cf creep strength, aod tbe amounts of these alloying 
elements have been optimized 10 obtain new grades cf Cr-w heat resistant steels. With Ibis 
background, in order 10 develop a method fot tbe further improvement of creep strength, the effeci cf 
Re on tbe eleep strength behavior of Cr-w steels has been studied; steels employed as base materials in 
this study include a 2.25Cr-1W sieel and a 12Cr-2W slee!. Tbe addition of Re was found 10 
remarkably enbance the creep strength of these Q-W steels, particularly in a 2.25Cr-1.6W steel where 
the extrapolated creep rupture strength at 600"C for 100,000 hours was approximately 115MPa. This 
was due to the elevation of rupture strength in a higher value region of Larson-Miller parameter, 
which was stronger than Mod.9Cr-1Mo sieel. This paper deals with the lang term creep rupture 
properties and microstructures of Q·W heat resistant steels containing Re. 
Keyworks .' Rhenium (Re), Creep, Heat Resistant Steels, Cr-W Steels, Microstructures 
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ModeJling ofLow-Cycle Fatigue Behaviour ofthe Steel E911 
R. Mahnnann. T. Hallstein and R. Westerheide 
Fraunhofer-Institut rur WerkstofTmechanik 
Wöhlerstr. 11,0-79108 Freiburg 
Abstract 
The low-cycle fatigue (LCF) bchaviour ofthe base material and ofwelds ofthe steel E 911 
(X 10 CrMoWVNbN 9 I) with ahout I % tungsten has been determincd for roarn temperature 
and for 600°C with rmd wilhout hold limes of30 minutes. The data for Toom temperature lie at 
the upper bound oflhe scatterband ofsimilar steels wh ich has been determilled eaTlief. The 
results for 600°C lie at the lower bound oflhe scatterballd of similar results achieved for 
550°C. Both eases show the good LCF-capabilityoflhis steeJ. For selected LCF conditions 
the hystereses were modelIed by the use of constitutive equatiolls based on the Robinson 
model. The model deseribes the behaviour at room temperature and at 600°C with and without 
hold times with two sets ofparameters. The ealeulated and the experimental eurves are in 
good agreement. LCF experiments with specimens with welds are tested at room temperature 
and at 600°C with and without holdtimes. These tests show a dcerease in lifetimes by a faetor 
of about two for the test types invesligated here. The hold times decrease the lifetimes in 
addition. 
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TUE MAIN PARAMETERS INFLUENCING TUE CREEP 
RESISTANCE OF ADVANCED 9-12% CR - STEELS FOR 
POWER PLANT APPLICATIONS 
H. Cerjak, P. Hofer and B. Schaffernak 
Technical Univcrsity, lnslitule for Materials Science, Wclding and Forming 
Graz, Austria 
K. Spiradek, Forschungszentrum Seibersdorf, Austria 
G. Zeiler, Böhler Kapfcnberg, Austria 
Abstract 
A number of advanced ferriLic-martensiLic steels appeared in Ihe lasl decade promising 
excellent ereep behaviour compared to the materials used until now, 2 IA Cr J Mo und X20 
CrMoV 12 I. The advanced 9 to 12 % Cr-stccls show superior creep resislancc in 
comparison wilh lhe refercnce material X20, wh ich Ims been used very successfully over 
Ihe past three decades. The creep resislancc of the American developmem grade Pff 91 is 
surpassed by the W-contuining grades P92 und E911. Al present, forther invesligations on 
9-12% Cr steels are in progress and numerous alloy compositions with various heat 
treatments are proposed. Creep data are obtained by extrapointion from short term tests. 
The experience shows that this method overestimates the creep rupture strengths of these 
materials nnd after the publishing of long term ereep data the predictions orten had to be 
revised. 
Comprehensive microstructural investigations reveal that the as reecived microstructures 
of these materials underlies dramatically changes at service conditions, dependent from the 
temperalure, alloy composilion, heat treatment und npplied stress1strain. Finally a 
thermodynamicnl equilibrium of Ihe microstructure will bc reached, which can be 
predicted vcry accurately with the aid of computers. 
Thc microstructural slability is one of the most important faclors for a good creep 
rcsistance of 9-12% Cr steels. A calculation model based on the determination of the 
transformlltion temperatures Ae. und A.,3 is proposed, wh ich ean help to predict the 
microslruclural slability from the chemieal eomposition. 
Keywol"ds: ferritic chromium sIeeis, microstrueturc, eleelron microscopy 
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EXPERIENCE IN THE MANUFACTURE OF STEAM TURBINE 
COMPONENTS IN ADVANCED 9-12% CHROMIUM STEELS 
M. T.ylor, D.V. Thomton .nd R.W. V.nstone 
GEC ALSTHOM Large Steam Turbines, Rugby, CV21 2NH, UK 
Abstract 
Reccntly, advanced 9-12%Cr fcrritic steels have been developed suitable for use in steam 
turbines operating at temperatures up to 600°C. Two 412MW double reheat steam turbines 
have recently been built for Skaerbaek and Nordjylland power stations in Denrnark. Thc 
advanced steam conditions of 285 bar/580°C/580°C/580°C necessitated the use of these new 
steels for high temperature rotor forgings, forgings for steam connections, bar and rolled 
rings for the construction of fabricated diaphragrns and for major castings. The manufacture 
and processing afthese components has demonstrated that large pieces in these materials can 
be produced with the required properties without significant problems, hut that a high 
standard of technical control is required at all stages of the manufacturing process. This 
experience has provided a finn foundation for the future in which more highly alloyed steels 
of this family will he required as the in let steam temperature and pressure are increased as a 
means ofincreasing the efficiency oflarge steam turbines. 
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OPTIMIZED CHEMICAL COMPOSITION OF 9-12 % Cr STEELS 
WITH RESPECT TO MAXIMUM CREEP RESISTANCE 
z. KIlbon, V. Foldyna, V. Vodärek 
VITKOVICE, Research Institute, PohraniCni 31, CZ-706 02 Ostrava, Crech Republic 
Abstract 
Considerable eifort has been devoted over several decades to improving the creep resistance of 
modified 9-12 % chromium steels. Possible ways were suggested consisting of increasing Mo 
and/or W contents, increasing nitrogen concentration. optimising V and Nb contents and 
adding boron. Ta avoid delta ferrite appearance in the microstructure, austenite fomling 
elements such as nickel. cobalt and copper were added. The creep ruptufe strengths of these 
steels are reported to be double that ofthe well-known X 20 CrMoV steel. However, chromium 
modified steel is structurally very Wlstable. In the course ofthe creep exposure, secondary MX 
panicles precipitate, which substantially strengthens the matrix. Precipitation of Laves phase 
accompanied by depleting matrix of Mo and W lowers solid solution strengthening. Z-phase 
(CrNbV nitride) and ~ precipitate after long time ofcreep exposure at the expense ofIvIX 
and M,x. This does not substitute their precipitation strengthening effect. In order to optimize 
Ule chemical composition of rnodified chromium steels, all lhese processes have to be critically 
assessed wilh respect to the strengtltening and degradation mechanisms. 
Keywords: chromium modified steels, strengthening and degradation processes, optimized 
chemical composition, M23C6, MX, M2X, Laves phase, Z-phase, M6X 
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THE OPTIMIZATION OF HEAT TREATMENT FOR 
STEAM AND GAS TURBINE PARTS FROM 
10.5 - 12 % er - STEELS. 
AA. Tchizhik I, T.A. Tchizhik 2 and J.K.Pelrenja I 
I. Department the Fatigue Life ofMaterials ,The Polzunov Central Boiler and Turbine Institute. 
Politekhnicheskaya St. 24, St - Petersburg, 194021, Russia 
2. Central Plant Laboratory, Tbe Turbine - Building Production Association" Leningradsky 
Melallichesky Zavod" (LMZ), Sverdlovskaya nab. 18, St - Petersburg, 185009, Russia 
Abstract 
There are considered optimization problems of heat treatment for steam and gas turbine 
blades, castings, disks and rotors from 10.5·12.0 % Cr -stee!. Authors considered the 
problems of heat treatment for the large castings and welding jOins from 10.5 % Cr - steels 
for optimization of eTeep fTaeture, creep ductility and creep crack resistance the base metal 
and weldingjoints. TheTe is need to achieve the optimization of heat treatment for turbine 
castings, disks and rotors at the same time providing high rnechanical properties in 
combination with stability of structure and lang - term properties. Investigations on creep 
resistance and creep fracture had been carried out for 190.000h and over. The service 
properties can be improved through developed remelting processes (ESR, VEA) and heat 
treatment for base metal and weldingjoints. 
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NEWLY DEVELOPED 12% er HEAT RESISTANT STEELS 
FOR STEAM TURBINES 
Y. Tsuda, M. Yamada, R. Ishii, O. Walanabe and M. Miyazaki 
Toshiba Corporation, 
Suehiro·cho, Tsurumi-ku, Yokohama, 230-0045, Japan 
Abstract 
In order (0 improve the thermal efficiency for the effective consumption of fossil fuels and 
suppression of exhaust CO2 gas, recenlly ullra super critical steam lurbines wüh 593 10 
610°C in maiß and/or reheat steam temperatures have been mainly construcled in Japan. 
Under such circumslances, the development of 12% Cr heat resistant steels far high 
temperature components remarkably contribules 10 the increase in sleam temperature due 10 
their excellent thermal stability. 
As for high lemperature rolors, Iheee grades of 12% Cr steels (TOS101, TOSI07 and 
TOSllO) were developed, and are characterized by addition of Nbffa+N, 1% Wand 1.8% 
WtCotB lo oplimized 12CrMoV base alloy chemislry, respeclively. TOS101 and TOSI07 
steel rotors have been successfullY operated since 1973 and 1991, respectively. As weIl as 
rolor materials, heat resislant bucket materials and castings have also been developed. 
These materials are expected to enable the construction of fossil-fired units operated al 
630°C or above. 
Keywords : Steam turbine, 12% Cr heat resislant sIeeI, Rotor, Bucket, Creep rupture strength 
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THERMAL-MECHANICAL FA TIGUE BEHAVIOUR 
OF A 9 % CHROMIUM STEEL 
T. Säuberlich I), G. Pitz 2) and D. Löhe J) 
1) Leico GmbH & Co, A11len; 2) Daimler-Benz AG, Wörth 
J) Institute ofMaterials Science and Engineerillg I, 
UniversityofKarlsruhc, D-76131 Karlsruhe, FRG 
Abstract 
Slructural materials used in plants for power generation must have adequate resistance against creep, 
low-cycle thermally induced fatigue, high-cycle mechanically induced fatigue as weil as against 
oxidation and corrosion. The group of 9 to 12 % chromium steels meets these demands at 
temperatures up to 550 oe. In comparison with austenitic steels Of nickel-base superalloys, which 
allow higher temperatures, they have advantages concerning thermal conductivity. thermal 
expansion and economic aspects. In order to improve the efficiency of steam turbines, thefe are 
worldwide efforts to rise the operating temperature ofthese steels up to 600 oe. To achieve this, the 
experimental analysis and the assessment of the interactions between the microstructure and the 
deformation as weil as the railure behaviour of these materials under thermal-mechanicalloading i8 
of utmost importance. Whereas thefe is a significant progress in the understanding of their creep 
behaviour which results from extensive research work, the consequences ofstart-ups, load changes 
and shut-downs are much less known. These processes result in thermally induced eyelie mechanical 
strains. 
In this work, the thermal-mechanical fatigue (TMF) behaviour of a 9 % chromium steel (German 
grade XIOCrMoVNb9-1) was investigated concerning the cyclic stress-strain response and the 
microstructural changes. TMF tests were performed with temperature being out-of-phase with the 
mechanical strain under total strain constraint with a minimum cycle temperature T min = 150°C and 
maximum eyde temperatures ranging from 450 to 650 oe. For some experiments dweIl times 
between 3 and 20 minutes were introduced at T mil-'!:. Increasing T rnil-,!:-values and dweil times reduce 
the number of cydes to failure. This is caused by the increase of the plastic strain amplitude, which 
is eombined with increasing relaxation processes, and the development of tensile mean stresses. 
SimuItaneously, the TMF induced softening of the microstructure becomes more and more 
pronounced. CycJic softening is proved by the reduction ofthe amounts ofmaximum and minimum 
stresses as weil as by the decrease ofthe microhardness measured after TMF. The subgrain structure 
is always changed during TMF. Higher T_Iead to a spheroidizing and growth ofthe subgrains. A 
significant increase of the mean carbide size during TMF without dweil time is only observed at 
T _ > 550 oe. The growth of the carbides is rat her dependent on the loading time than on the 
number of cycles. For the assessment ofTMF life the Mansan-Coffin relation, the Smith-Watson-
Topper-parameter and the Ostergren-parameter are used. The TMF behaviour ofthe 9 % chromium 
steeI is compared to that of a 12 % chromium steel. 
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THE DESIGN, MANUFACTURE AND INSTALLATION 
OF A P92 HEADER 
by 0 Wachter l , K Zabelt l, P JEnnis', A Helmrich', ABöhme4 
1 PrcussenElcktra AG, Tresckowstraße 5, D-30457 Hannover 
2 Forschungszentrum Jülich GmbH, D-52425 Jülich 
3 Energie- und Verfahrenstechnik GmbH, Stuttgart 
-I Gemeinschaftskraftwerk, Kiel 
Abstract 
A17 
Becausc of crack damage dctected during lhe routine inspection afa 2Y.iCrlMo headcr that had bcen in 
service for 150000 h at 560°C in the Kiel Power Station (GKK), areplacement hcader was rcquircd. 
A fiew headcr was therefore designed using the 9% chromium stccl P92 (Fe9CrO.5Mo1.8WVNb), 
based on the results of invcstigations carried out at thc Research Centre Jülich in co-operation with 
PreussenElektra. The design calculations showed that lhe wall thickness of the new header pipes could 
be reduced from the 44 mm ncccssary for 2'4CrlMo to 25 mm, reflecting the highcr creep rupture 
strengths ofthc 9% chromium stecls. The design proccdurcs are dcscribed and the new componcnt is 
corupared with thc old componcnt. Thc manufacture of the 4 m lang header pipes of 480 rum outer 
diameter and 25 rnrn wall thickness is sumlllarized with particular attention being given to the wclding 
procedures. Thc P92/P92 welds were carried out using a matching filleL Thc header nozz!es were 
manufactured from 2!4.CrlMo and welded to the header using P91 filler meta!. Quality conlro! 
especially of lhe on·site weldmenls is disclissed and thc installation of thc fiew component in thc 
power station is describcd. 
Keywords: 9CrV,MoWVNbN steels, P92, components, welding, quality control 
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EFFECT OF WELDING AND AGEING ON PROPERTIES OF 
NEW 9-12% STEELS 
Prof. Istvim ARTINGER 
T echnical Unlversity of Budapest 
H-1521 Sudapest, MQegyetem rkp. 1-3. Hungary 
New Cr-modified creep resistant martensitic steels were developed in the COST 501 projecl. 
They are heing increasingly used as structural materials in power engineering structures, This is 
mainly due to their relatively high ereep rupture strength, emd toughness and good eydic 
deformation behaviour in low cyele fatigue regime. These materials can be microstructurally 
unstable at high temperatures. The ageing, long time tempering and the welding has a great effect 
on the properties of these steels. Sometimes significant reductions in impact energy were 
observed with ageing and after welding. 
Suitablc welding parameters, preheating temperature and post weId heat treatments 
(PWHT) were planned aod used. The welding process conditions used are summarized in Table. 
This paper reports the changes in the behaviour of steels after long time 1000-10000 homs 
ageing at 600 and 650 °C temperatures and different welding processes of pipes: SA W for 0 490 
x 70 mm, SMA W für 0 159 x 20 mm and GMA W für dissimilar welding. 
Charpy impact values were measured at different temperatures after ageing and welding. 
Low cyc!e fatigue (L.C.F.) tests were carried out at RT and 600 °C. The Charpy transitiollcurves 
will be given in Figures. 
The absorbed energy of aged specimens tends to decrease continuously with ageing 
duration aod temperature. The impact values of pipe materials l'\fter ageing at 600 °C up to 10000 
homs are targer than 65 and 30 Joule at RT aod -20 oe respectively. The touglmess values of cast 
materials remained high enough after long term ageing too. The cyeles to cracks of long term 
aged pipe material have decreased significantly while für the cast materials with B content 
illcreased between 0-6000 houes of ageing at 600 oe. 
The impact energy in HAZ of SA Wand SMA W welded material showed a high level some 
where higher than the base material. The impact toughness should be improved by higher PWHT 
tepmerature and using new filler materials. 
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MICROSTRUCTURE AND CREEP PROPERTIES OF P91 STEEL 
AND WELDMENTS 
A. Jakobova, V. Vodarek, *K. Hennhofer, V. Foldyna 
ViTKOVICE, Research Institute, Ostrava, Czech Republic 
* VSB - Teclutical University ofOsfrava, Czech Repuhlic 
Abstract 
The creep resistance of advanced chromium steels can be significantly increased duc to 
precipitation of very small particles of vanadium nitride VN. The volume fraction of VN is 
eontrolled by N eontent whieh is available for formation ofVN. The ereep rate is then eontrolled 
by the mean interparticle spaeing of M"C6 and VN . In niobium bearing steels the effeet of 
Nb(C,N) partieles should be taken into aeeount, too. 
The strengthening of solid solution is eaused primarily by the presenee of Mo andlor W in solid 
solution. Precipitation of Laves phase occuning in the cowse of creep exposure decreases the 
molybdenum andlor tungsten eontent in the solid solution and thus lowers the solid solution 
strengthening. On the other hand, at the beginning of Laves phase preeipitation small p.rtieles of 
Fe,(Mo,W) on subgrain bound.ries eontributes 10 the preeipil.tion strengthening. Nevertheless, 
preeipit.tion ofL.ves ph.se is finished after relatively short time. Coarsening ofFe,(Mo,W) that 
follows, as weil as coarsening of M2JC6 and VN will aet as one of the most effective degradation 
processes. 
In order to obtain the material with advanced properties it i5 necessary to leam about al1 processes 
taking plaee in materials during long term exposure. Important is eorreet and rightful 
extrapolation of creep data, tao. 
Special attention has to be paid to the weId joints whieh usually represents the weakest point in 
any power equipment warking in the creep regime. Creep resistance of weldmen(s from modified 
ehromium steel P91 was studied. Meehanieal properties and results of ereep-rupture tests of 
weldments were compared with those for the base material. Creep resistance of pipe and plate 
weldments is about 20-30% lower than that the base material. 
Mierohardness surveys were made in longitudinal seetions taken through the eentral axis of the 
fraetured cross weId speeimens. The results of our investigations revealed that regardless of 
appJied stress level the fractures occurred in the intercritical zone of HAZ which was a critical 
Ioeation ofweldments. 
Detailed microstructural investigations bath base material and intercritical zone of HAZ were 
perfonned. In hath regions an extensive precipitation of M23C6 and secondary MX particles was 
observed. Some large primary NbX particles were also present in the mierostrueture. In long time 
creep test of weldments Laves phase partic1es were observed. No important differences in the 
type of minor phases was fOlmd between the base material and intercritical zone ofHAZ. 
Keywords: modified cluomium steel, weldments, creep rupture strength, microstructure, 
microhardness profile 
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FA TIGUE BEHA VIOUR ON MODIFIED 9Cr STEELS: 
BASE AND WELDS 
V. Bicego·, P. Bontempi ., R. Mariani·, N. TayJor+, 
• ENEL SpAiSRIJPDM, Via Reggio Emilia 39, 20090 Segrate - Milano, llaly 
+CISE SpA, Milano, llaly, Presently at JRC-IAM Petten, The Netherlands 
Abstract 
The heavy wall piping used in headers and main steam lines of power generation plant is exposed 
to thermal fatigue damage during operating transients as weil creep degradation during steady 
operation from the internal pressure and system loads. Experience show welded junctions to the 
most critical parts on account of the reduced low cyele fatigue (LCF) and creep strength at such 
points. This can be attributed to factors such as: 
microstructural variation across the joint (parent - heat affected zone, HAZ - weid metat); some 
regions invariably possess inferior load sustaining capacity; 
corresponding variation in mechanical properties, leading to strain concentration at weakeT 
points; this is the so-called metallurgical notch effect; 
for dissimilar metal welds thermal mis-match stresses and strains pose additional problems. 
The results from low cyele fatigue tests on specimens rnachined from P9l, P92 and E911 base 
(parent) materials are compared with those obtained for cross-weid specimens. These cross-weid 
results confirmed the widely reported criticality of the HAZ, indicating a mean cyclic Iife reduction 
factor of", 2 to be necessary with respect to the base material. 
Design Iife prediction normaUy relies on analysis of the stresses and strains in the weid section, 
ealeulated on the basis ofthe meehanical properties ofthe parent materials and neglecting those of 
the filler or the HAZ microstructure. The presence of the weid is accounted by appropriate 
strength reduction factors on the creep and fatigue Iife curves. For LCF it is typical to apply a 
reduction factor of2 on the cyelic life curve (ASME Code Case N-47) 10 account for the above-
mentioned effects as weil as uncertainties regarding the quality ofthe welding process itself[l]. 
For residual Iife estimation higher accuracy is needed and that means the following have to be 
considered: 
design baseline data are typically lower bound curves. For more accurate life prediction a 
material specific baseline curve is preferable, with the implication that, in eliminating this extra 
conservatism, experimental verification ofthe weid safety factors becomes more critical. 
There is Iitlle sense in applying advanced (and expensive) Iife prediction methods developed for 
the parent material if the results are in any case subject to large uncertainties via the simplistic 
application of conservative weid Iife reduclion factors. 
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IMPROVEMENT OF CREEP RUPTURE STRENGTH OF 
9CrlMoNbV WELDED JOINTS 
BY NORMALIZING AND TEMPERING AFTER WELD 
T.Sato, K.Tamura 
Kure Research Laboratory. Babcock-Hil8Chi K.K. 
3-36 Takararnachi, Kure, Hiroshirna, 737-8508 Japan 
K.Mitsuhata, R.Ikura 
Kure works, Babcock-Hitachi K.K. 
6-9 Takaramachi, Kure, Hiroshima, 737-8508 Japan 
Abstract 
With the increase of steam parameters of eoal fired thermal power pianist high strength 9%Cr 
51eet conlaining niobium and vanadium became major material in boiler high temperature 
components. As the microstruclure of these steels is tempered martensite, il is known that 
the softening oecues in HAZ of the weldment. In the crecp rupture test of these welded 
joints the rupture strength is lower than that of the parent melal, and samelimes Ihis reduction 
of strength is caused by Type N cracking. . 
Ta develop an effeclive method 10 improve the rupture strenglh of welded joints, normalizing-
tempering heat treatment after weId was proposed. 9CriMoNbV plates with thickness of 
40-50mm were welded by narrow gap MAG welding procedure using modified welding 
material. After normalizing at 1050°C and tempering at 780·C. sLrength properties of the 
welded joints were exarnined. Microstructure of HAZ wa~ improved as before weId. and 
rupture strength of the welded joints were equal co that of the parent metal. 
Keywords : Heat resistant ferritic steel, Welding, HAZ, Creep, Type IV cracking 
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CHARACTERISATION OF THE WELDABILITY AND 
BEHA VIOUR OF THE HEAT AFFECTED ZONE 
FOR STEEL E911 
H. Cerjak+, E. Lctofsky+, G. Feigl++ and P. Pichler++ 
+ Technical UniversiLy of Graz, Graz, Austria 
-H- Austrian Energy & Environment, Gmz, Austria 
Abstract 
The aim of this study was Lo dclermine (he intluencc of varying heut inputs on the 
weldabilily und the behaviour of the heat affccted zone (HAZ) of steel E911. Basic 
invesligations on the wcldabiliLy were performed on pipe joints manufacturcd by shielded 
mewl are welding (SMA W) and submerged are welding (SA W). Gleeble simulations 
represenling thermocycles like in [letua] SMAW und SAW were applied 10 produce 
simulated HAZ microstructures. After post-weid heut treatment (PWHT) pipe joints und 
simulated specimens werc subjected 10 hardness tests, metallographie investigations, 
cOllslant strain rate !ests, <lnd creep tests. Particular anention was given to Ihe softening 
effect in Ihe HAZ <lnd its inf]uence on the creep resistance of the welded joint. Results from 
pipe joints show the deerease of ereep resistance values of Ihe tungsten modified version 
E911 to be less pronounced Ihan observed far slandard P91. 
Kcywords: weIdability, stccl E911, mechanical propcrties, creep properties 
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DEVELOPMENT OF 12%Cr HEAT RESISTANT STEEL PLATE 
(TEMPALOY F-12M) FOR USC BOILER 
Kenji Hayashi, Toshifumi Kojima, Yusuke Minami and Akira Tohyama 
Materials and Processing Research Center, NKK Corporalion. 
Kawasaki, Japan 
Abstract 
This paper deals wiLh newly developed 12%Cr ferritic heat resistant steel plate (TEMPALOY 
F-12M) conlaining O.7Mo-IW-O.IMn-B-Cu-Nb-V-N '.'.'hieh is used for hot reheat steam 
pipes and headers with large diameter and thick wall of USC boiler. The steel has high steam 
oxidation resistance, and creep rupture sirength of more than 1.3 Limes higher as compared 
with Mod.9Cr-IMo steel (ASTM A387 Gr.91) above 600'C ,""ich is attributed to 
sLrengthening by lov.er Mn and B addition as v.ell as precipitalion strengthening of Nb, V 
carbonitride and W strengthening. In addilioß, the steel plate consisting of fuHy tempered 
martensitic slructure exhibits enough nolch toughness after not only PWHTbut also a long 
term aging, and good hot and cold workabilily and weldabilily. 
Keywords : ferrilic steel plate. creep rupture strength. steam oxidation resistance 
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CREEP RUPTURE STRENGTH AND STRENGTH REDUCTION 
FACTOR OF WELD JOINTS IN BOILER TUBES OF TYPE 
2.25Cr-lMo STEEL 
I I 
J.Sobotka, V.Bina and J.Haki 
Vitkovice, 8.S., Pohranicni 31, 706 02 Ostrava 
I • 
SVUM, a.S., Research Centre, P.O.Box 17, 190 11 Praha 9 
Czech Republic 
ABSTRACT 
The work deals with the evaluation of long-term ereep rupture strength and strength reduction 
factor (SRF) of two welded joints both SMA W and automated orbital GTA W welds in boiler 
tubes oftype 2.25Cr-IMo ereep resistant steel. 
The dominant weakest locality controlling creep rupture strength of both these welds is heat 
alfected zone. That is why a loss of weldment rupture strength is expected in comparison with 
base metal used. To quantify this decline, the SFR parameter is calculated as the ratio between 
rupture strength ofweld joint and material of boiler tube used at constant temperature and time to 
rupture. This conception of SRF enables to express the real inlluence of welding teclmology on 
long-term ereep rupture strength of material investigated. 
The results obtained reveal that 
- at the shortest times to rupture in the temperalure region 550 to 6000 C, SRF values are 
time independent and equal to I 
- at longer times to rupture, the SRF declines evidently with inereasing time to rupture 
- the beginning of declining branch of SRF time dependence shifts to shorter time with 
increasing temperature 
- the calculated SRF value are in relatively good agreement with those parameters 
recommended acc. to ASME Code, Ca,e N - 47 - 32. 
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DEVELOPMENT OF 2Cr-Mo-W -Ti-V -B FERRITIC STEEL 
FOR ULTRA SUPER CRITICAL BOILERS 
(NKK TEMPALOY F-2W) 
Akira Tohyama, Yusuke Minami 
Materials and Processing Research Center, NKK CORPORATION, 
Kawasaki. JAPAN 
Abstract 
This paper deals with newly developed 2Cr-Mo-W-Ti-V-B ferritic heat resistant steeltube 
(TEMPALOY F-2W) which is used for water wall tubes and the economizer tubes of USC 
boilers. aud for superheater tubes and reheater lubes of SC boilers. This steel is made by 
adding Mo aud W as solution strengthening elements, and V and Ti as precipitation 
strengthening elements to a base of 2% Cr steel in order to improve its high temperature 
strenglh, and one whose matrix is a bainite single phase. The developed steel has superior 
ereep rupture strength, its ordinary temperature and high temperature strengths are almost 
I.S times those of 2.25Cr-IMo, and its allowable stress is equal to (hat of 9% Cr high 
strength material. SA213-T91{9Cr-lMo-Nb-V). Cost advantages can also be expected by 
reducing the wall thickness of tubing in boiler design due to its high strength. This newly 
developed steel is a malerial usable as for water wall tubes up to the 575'C range in future 
high temperature. high pressure plants. 
Keywords ; ferritic steel. bainite phase, solution slrengthening. precipitalion strengthening 
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PROPERTIES AND EXPERIENCES OF A NEW AUSTENITIC 
STAINLESS STEEL SUPER304H (O.lC-18Cr-9Ni-3Cu-Nb-N) 
FOR BOILER TUBE APPLICATION 
Takao Kan*, Yoshiatsu Sawaragi**. Yoshimi Yamadera*, Hirokazu Okada* 
Sumitomo Meta! Industries, Ltd. 
0jI I, Nishino-cho, Higashimukojima, Amagasaki 660·0856, Japan 
.. 1-8, Fuso-chou, Amagasaki 660.0891, Japan 
Abstract 
A new economical austenitic stainless steel (SUPERJ04H: 0.IC-J8Cr.9Ni-JCu-Nb.N) wlth 
high elevated temperature strength has been developed in Japan for boiler tube application. 
The allowable tensile stress of Ihis stainless steel i5 more Ihan 20% higher compared with thai 
of ASME SA·213 Grade TPJ47H. This exceHent creep rupture strength is based on the 
precipilation strengthening effect of fine Cu-rieh phase wh ich precipitates coherenlly in the 
austenitic matrix during service-exposure. The corrosion resistance of Ihis stainless steel is 
almost the same as that of fine·grained TP347H. The SUPER304H tubes have been service· 
exposed as superheater lubes and reheater lubes, and the 6.5 yeaTS service-exposed lubes 
confirmed that this new stainless steel was applicable as boiler material. The SUPER304H 
lubes have already been approved by MITI standard in Japan and have widely been used as 
superheater lubes in Japanese fossil fired boilers. 
Keywords : austenilic slainless steel, boiler lubes. superheater tubes, high-temperature 
applications, seamless lubes 
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PROPERTIESAND EXPERIENCES FOR ALL PRODUCT FORMS 
OF GRADE 23 (HCM2S) STEEL 
FOR FOSSIL POWER GENERATION 
Y. Sawagari, T. Kan, Y. Yamadera, F. Masuyama, T. Yokoyama, N. Komai 
Sumitomo Metal Industries (Japan) 
Paper will be distributed at the meeting. 
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PROPERTIES AND EXPERIENCES FORALLPRODUCT FORMS 
OF GRADE 122 (HCM12A) STEEL 
FOR FOSSll. POWER GENERATION 
Y. Sawagari, T. Kan, Y. Yamadera, F. Masuyama, T. Yokoyama, N. Komai 
Sumitomo Metal Industries (Japan) 
Paper will be distributed at tbe meeting. 
63 
Steam-side oxidation offerritic steels 
J.C. Nava-Paz* and R. KnödlerH 
'" AßS Power Plant Laboratories 
2000 Dal' Hili Road 
Windscr CT 06095, USA 
**ABB FOIschungszentrum 
Speyerer Straße 4 
D-69115 Heidelberg, Germany 
Abstract 
The oxidation susceptibilitl' offerritic steels in superheated steam has 
been evaluated in the temperature range 500 to 750"C. The results 
indicated that the allol' HCM2S had the same oxidation behavior as T-
22 and that no advantage existed in using 9 and 12 % Cr allol's Hke E-
911, NF616 and HCMI2A between 600 and 650 "C. The allo)' Stl2T 
(X20) gave superior oxidation resistance with T-91 being second best 
but susceptible to spallation upon thermal el'eling. 
The oxidation meehanism requires the transport of water moleeules 
through an outward growing magnetite la)'er controlIed bl' the 
diffusion of Fe-eations through the inner oxidation front. Attempts to 
modify the oxidation kineties should be aimed at modifl'ing the 
strueture of the outer magnetite la)'er. PreHminary results with allol' 
HCM2S at 600 "C suggest that additions of bork acid to the steam 
could modifl' the environment at the allol' surfaee to promote the 
formation of more protective oxides. 
Keywords: Steam oxidation, T-22, HCM2S. T-91, E91I, NF616, 
HCM12A 
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Steam oxidation properties of high er ferritic steels 
Y Fukuda, K Tamura and T Salo 
Kure Research Laboralory, Babcock-Hilaehi K.K. 
3-36 Takaramaehi, Kure, Hiroshima, Japan 
Abstract 
This paper discusses the effec! ofTemperature and Cr cootenl on the sieam oxidation behavior of 
high Cr feeritie steels used for Ultra super crilical boiler. Sieam oxidation tests were conducted in 
550 - 750°C sleam of almospheric pressure for up 10 2,000 houes. It was found Ihal par.boHe 
oxidation kinetics adequalely described the sleam. oxidation process for all tesled alloys and tbe 
piuabolic rate cooslanl Kp decreases witb increasiog Cr above 650°C. Tbe observed Kp value 
agrees wilh the estimaled Kp value which is calculaled by regression equulions reIated with Cr 
aod Si coolenls for all tested aJloys. 8y melallurgica1 examination, Low oxidation rate of high Cr 
femlie sieeIs are based on tbe continuaus Cr·rich layee observed in the inner oxide seale at Ihe 
metaVoxide interface. 
Keywords: ierritie sIeei, sleam oxidalion, superhealer tube, boiler, kinetie 
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A New Titanium Nitride Dispersion Strengthened Ferritic Steel 
for High Temperature Applications 
JolmAPugh 
Mitsui Babcock Energy Limited, Technology Centre 
High Street, Renfrew, PA4 8UW, UK, 
Abstract 
A29 
Conventional 9-12% Cr steels used in modem plant designs are ultimately limited in their 
long term creep performance by the stability of the carbides and carbo-nitrides which 
precipitate in the steel during tempering and subsequently during service, The present work 
aims to develop a new type of ferritic steel which contains a fine dispersion of highly stable 
titanium nitride particles to confer 10ng term microstructural stabilily and high temperature 
strength to the steel, The key to the production of this new material is to reactively process 
the titanium containing steel with asolid state nitrogen donor powder (chromium nitride) 
using either powder metallurgy or spray forming technology, 
This paper presents the powder metallurgy and spray forming procedures developed to 
achieve the fine dispersion. Creep tests in the temperature range 600-700°C were performed 
at each stage of the alloy development. Initial evaluation revealed that the creep properties 
were Iimited by the fine grained structure of the material, which resulted from the 
development of astahle partic1e dispersion. Thermo-mechanical treatments have been 
successfully deve10ped to produce creep resistant grain slructures similar to Mechanically 
Alloyed Oxide Dispersion Strengthened (MA-ODS) alloys, Transmission electron 
microscopy observations have shown that particle size, partic1e spacing and volume fraction 
of titanium nitride in the prototype alloys are in accordancc with the Hertz model. This 
model has been utilised in the optimisation of the altoys and the subsequent irnprovement in 
crcep properties is discussed in relation to the interpartic1e spacings and dislocation partic1e 
interactions. 
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DEVELOPMENT OF A NEW HEAT RESISTANT AUSTENITIC 
STAINLESS STEEL FOR HIGH TEMPERATURE 
COMPONENTS OF POWER GENERATION 
Y. Nishiyama, Y. Sawaragi, N. Otsuka, H. Hirata, 
s. Kihara' and I. Kajigaya • 
Sumilomo Melal Induslries, LId., Amagasaki, Hyogo 660-0891, Japan 
* Ishikawajima-Harima Heavy Industries Co" Ltd., Tokyo 135-0061, Japan 
Abslract 
New austenitic stainless steel, NAR-AH-4, which consists cf LowSi-23Cr-lI.5Ni-
O.2N-B-REM has been developed for the 8pplication cf high temperature components 
Cup to iOOOt) in the thermal power pJants and chemical plants. 
The corrosion and erosion resistance for developed steel with high content of 
chromium and slight amount of REM is excellent by forming adherent chromia oxide 
film on a surface. The creep rupture strength is considerable higher than that of Type 
310S(25Cr-20Ni) and Alloy 800H(20Cr-32Ni-AI,Ti) due 10 Ihe addition of nitrogen 
and boron. The resistance to weid hot cracking sensitivity for this steel is better than 
that for Type 310S and high silicon content austenitic stainless steels, due to 
decreasing silicon content (0.3%) and optimum ratio of chromium equivalent to nickel 
equivalent. In addition, this steel has an economic advantage over Type 3 lOS as weH 
as Alloy 800H 
These results indicate that this steel is expected to be widely utilized as candidate 
materials for high temperature components. 
Keyword: Advanced Combine Power Plant, Austenitic Stainless Steel, 
High Temperature Corrosion, Creep Rupture Strength, WeJdabilily 
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CORROSION PROTECTION OF AISI 304 AUSTENITIC STEEL 
BY Y AND Er ION IMPLANTATION AGAINST ISOTHERMAL 
OXIDATION. 
F.J. Perez*, M.P. Hierro*, E. Otero*, MJ. Crist6bal**, F. Pedraza* and G. Amau*** 
* Universidad Complutense de Madrid. Facultad Ce. Quimicas. Dpto. Ciencia de los Materiales. 28040~ 
Madrid. SPAIN. 
** Universidad de Vigo. Dpto. Ciencia de los Materiales. Lagoas-Marcosende, 3621O-Vigo, gPAIN. 
*"'* Universitat Jaume I. Dpto. de Tecnologia. Campus Penyeta Roja. 12071-Caste116n. SPAIN 
Abstract. 
The beneficial effects of the addition of yttrium and erbium by ion implantation on the 
oxidation behaviour of an AISI 304 stainless steel at 1173 K have been investigated. 
Isothennal oxidation experiments have been established up to 500 h of test. The effeet of the 
so-ca lied reactive elements (REs) has been studied before in order to enhaßce the oxidation 
behaviour ofdifferent alloys. In this work the effect ofEr as a RE candidate has been analyzed 
in compared to another RE used befare such as Y. The results show that yttrium and erbium 
have both the same effeet, reducing significantly the eOTTosion rate and improving the 
adhesion of oxide seale. Theoretieal ealculations have been performed in order to aehieve the 
best depth profile thus identifying the surfaee damage during the implantation process. 
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NEW 2-3%CR STEEL GRADES FOR 
WATERW ALL PANELS AND SUPERHEATERS 
F. Deshayes', W. Bendick', K. Haannann', J.C. Vaillant' 
1 VaUourec Research Center, Aulnoye-Ayrneries, Ftance 
2 Mannesmann Research Institute, Duisburg, Gennany 
3 Vallourec and Mannesmann Tubes, Mülheim, Germany 
4 Vallourec and MannesmaQIl Tubes, Boulogne-Billancourt, France 
Abstract 
The positive effeels of Tungsten aod mieroalloyiog elements (V, Nb and B) on higb 
temperature properties of steel grades in power generation applications are already widely used 
in Chrome-Molybdenum steels containing between 9 aod 12% ofChrome (T911P91, T921P92, 
E9ll, ... ). 
More recently. the same additives bave been used in lower allay steel grades, such as those 
eontaining 2-3% ofChrome, thus produeing the future ASTM Al13 grade TI3 (also deseribed 
by ASME in Code Case 2199) aod grade 7CrMoVfiB 10-10. VaUourec and Maooesmann 
Tubes have been involved for several years in developing these new steel grades, and the results 
of experiments have revealed the following two advantages: 
- excellent mechanical properties at high temperatures, wruch are much betteT than those of 
grades TI21P22. 
- improved weldability due to the low Carbon content (making post-welding heat treatment 
unnecessary). 
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DESCRIPTION OF THE PRECIPITATION BEHAVIOUR OF 
ADVANCED 9-12% CR STEELS FOR POWER PLANT 
APPLICATIONS 
B. Schaffernak, P. Hofer, H. Cerjak 
Tcchnical University. Institute for Materials Seien ce, Welding und Forming 
Graz, Auslria 
Abstract 
Mainly for tempcrillures abovc 560°C Lhere is a grcat demand 10 replace the widely uscd 
auslenitic tube materials Ihrough advanced fcrritic-martcnsitic steels, in order Lo utilise Iheir 
beller thermal conduclivilY, lowcr thermal expansion cocfficicnt, lower cosls and better 
resistance against stress corrosion cracking susceptibility. 
Thc knowledgc abou! the stute of precipilales, wh ich is dependent from temperalure, time 
und stress1strain, is significant for Ihe prediction of the creep propcrties of these steel grades. 
Ta overcome thc problem of fulfilling the demand of designers, to offer reliable long term 
creep properties for newly developcd steels in short amoun! of time and additionally lower 
the risk of producing non·reliable figures as weil as a guide far the developmenl of a 
promising alloy concep!, the modelling of the microstructure based on Ihermodynamic 
calculatio.ns is used. The results are phase diagrams showing the precipitates to. be expected 
as weil as driving forces, phase compositions and diffusion coefficients. Different steel 
grades can be evaluated by comparing these data. 
Keywords: modelling, creep, precipitalioll, ferritic chromium sIeeis, thermodynamics 
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HIGH RESOLUTION MICROANALYSIS OF 
CHROMIUM STEELS P92 AND P122 
M. Hättestrand, M. Schwind and H.-O. Andren 
Department of Experimental Physics, Chalmers University of Technology 
SE-412 96 Göteborg, Sweden 
Abstract 
Extensive alloy development of 9-12% chromium steels for high temperalUre use has 
laken place over the last decade and two of the most promising materials available today 
are NF616 and HCM12A, now ASME code approved as P92 and P122. In order to 
understand the role of different alloying elements, a combination of atom prohe field 
ion microscopy (APFIM) and analytical transmission electron microscopy (ATEM) has 
been used in this work to obtain a delailed knowledge of the microstructure and the 
distribution of elements. The investigation concems the microstructural evolution of the 
two steels P92 and PI22 during isothermal ageing at 600°C for up to 10000 h. The 
composition of the investigated materials is given in Table I. The main differencc 
between the two steels. as can be seen in Table I, is an addition of copper to PI22 wilh 
the intention to suppress eS-ferrite formation and aHow a higher chromium content. 
APFIM has been used for chemical analysis of the different phases present. Precipitates 
of type M23C6, MX and Laves phase as weil as the matrix have been analysed in the two 
materials at different times of ageing. 
Tahle J. Composifion ofinvesligated malerials (WI%). 
It was shown Ihal the matrix concenlration of copper in PI22 drops during ageing to an 
equilibrium level at about 0.1 % (by weight). No eopper was found in M23C6, MX or 
Laves phase. The copper instead fonns a separate phase. This phase was not analysed 
with APFIM, but instead ATEM was used to confirm its existence. Small amounts of 
baron added to 9-12% chromium steels have been found to give a positive effect on 
long term creep resistance, but the reason for this is not yet fuHy understood. This 
investigalion showed that most of the boron exists in M23C6 carbides, possibly affecting 
the properties of (his phase. During ageing the amount of tungsten in the matrix drops 
due to fonnation of Laves phase. This process is faster in steel P 122 compared to steel 
P92, indieating an accelerating effeet of copper on the nuclealion of Laves phase. 
Keywords: 9-12% ehromium steels. atom probe field ion microscopy, TEM, boron 
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EFFECT OF MICROSTRUCTURAL EVOLUTION 
OF A T91 STEEL DURING CREEP 
S.Spigarelli·, E.Cerri·, E.Evangelista* and P.Bianchi·· 
* INFMlDepartment ofMechanics, University of Aneona, Aneona, Italy 
•• ENEUSRI, Milano, Italy 
A3S 
The ereep response ofa 9Cr-IMo-NbV steel was investigated at temperatures ranging from 575 
to 650'C. The minimum ereep-rate dependenee on applied stress was weil deseribed by means 
of a conventional power law, the stress exponent increasing when temperature decreased. 
Detailed mierostruetural analysis was earried out by Transmission Eleetron Mieroseopy on 
sampies tested at 575 and 600'C until rupture or after interruption of the tesl. In the as reeeived 
condition, the mierostrueture of the steel consisted of elongated subgrains whose boundaries 
were deeorated by relatively large particles (M"C, and primary undissolved MX). After ereep 
exposure, subgrain growth was accompanied by a reduetion in free dislocation density, while an 
additional precipitation of very fine partieies (MX) occurred early in the tests; as a result, all 
erept sampies showed abimodal population of preeipitates, both subjeet to coarsening during 
ereep. The eoarsening proeess was described by means of the Ostwald ripening law; in 
partieular, the eoarsening proeess for both large (mainly M"C, partieles) and fine (MX) 
preeipitates was found to depend on stress. A simple empirieal relationship was then used to 
relate the eoarsening eonstant with applied stress. 
The strengthening effeet due to both large and fine preeipitates was analysed in terms of 
threshold stresses; in partieular, eaeh family ofprecipitates was assumed to produee a threshold 
stress whose magnitude was proportional to the Orowan stress. The effeetive threshold stress 
was then caleulated as the sum of the individual threshold stresses genera ted by the different 
families of precipitates. The resulting eonstitutive equation was used to deseribe the minimum 
ereep-rate dependenee on applied stress for the investigated 9Cr-IMo-NbV; the comparison 
between ealculated eurves and experimental points at 575 and 600'C was satisfaetory. Then, the 
same model, with different values of the mierostructural parameters (initial size of the 
preeipitates and appropriate values ofthe coarsening constant and ofthe volume fraction ofthe 
secondary phases) was used to describe the minimum creep-rate dependence on stress for 9Cr-
IMo and 9Cr steels. The agreement between calculated eurve and experimental points for the 
9Cr-IMo steel was fairly good, especially in the low stress regime. By eontrast, in the ease of 
the 9Cr steel, the model underestimated the minimum creep rate at a given stress even though 
the value of the stress-sensitivity parameter was substantially correel. This diserepaney was 
attributed to the effect of solid-solution strengthening elements (Mo or W) on the temperature-
dependent parameter A " an effect previously observed in FCC metals. In this context, the model 
could be used as a basis for achieving a carTecl interpretation of the creep behaviour of the new 
W-bearing steels (9Cr-IMo-NbVW). 
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QUANTITATIVE EVALUATION OF PRECIPITATES 
IN THE MARTENSITIC CAST STEEL 
G-X12CrMoWVNbNlO-l-l 
P. Hofer, H. Cerjak 
Institute for Material Scießee Wclding and Forming 
P. Warbichler 
Research Institute foe Electron Microscopy 
Technical University Graz, Austria 
Abstract 
In Ihis paper a procedure for the investigation of precipitates appearing in 9-12%Cr-steels 
is introduced. The study was performed on aseries of creep rupture specimens of the cast 
material G-X12CrMoWVNbNlO-l-l crept at 600°C up to 33410h. By meang of the eoefgy 
filtering eleetIen microscopy method (EFfEM) a size estimation of M23C6 carbides, MX 
phase, Laves Phase and Z-phase i5 given for the as received condition as weil as the lang 
term eIept condilion. The growth and coarsening behaviour of the investigated precipitales 
are discussed. 
Keywords: electron microscopy, EFfEM, microstructure, ferritic chromium steels 
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MICROSTRUCTURAL INVESTIGA TIONS OF 9%CR STEEL 
P92 AFTER LONG -TERM CREEP DEFORMATION 
A Zieliilska-Lipiecl, A Czyrska-Filemollowiczl,. PI Ennis2, 0 Wachte? 
I University ofMiliing and Metallurgy. Facully ofMctallurgy and Materials Science, Krakow, PL 
2 Research Cent re Jülich, lnstitutc for Materials in Energy Systems 1, Jülicll, FRG 
3 PrcussenElcktra AG, Hannover, FRG 
Abstract 
The microstructure and crcep propertics of the 9Cr-O.5Mo-1.8W-V-Nb stecl P92, a Japanesc steel 
developcd for advanccd coal-fired power stations with operating stcam temperatures around 600°C, have 
bcen investigated. Thc objcctivc was to examine quantitatively the changes in thc microstructure which 
oecur during long-time exposure (up to around 33000h) at service temperatures and to evahtate the 
relationship bctwcen mierostrucrurc and ercep ruplure bchaviour. Using anal)1ical translnission cleclron 
mieroseopy of thin foils and extraction doublc-rcplicas, statislical quantitative analyses of the P92 
mierostructure were undertakcn to determinc the dislocation dcnsily wilhin the subgrain, the width of 
the martensite Iaths/subgrains and thc particle sizc distribution in the as-reeeivcd eondition and after 
ereep testing at 600 and 650°C. 1l1C study showed that the microstructural changes rcsponsible for the 
dccreasing creep ruprure strcngth were a marked dcerease in dislocation densily and continuing 
polygonization of the dislocation structure, together with coarsening of thc M23C6 prccipitates. The 
M(C,N) precipitatcs were found to be rcsistant 10 significant coarsening during ercep cxposure. Thc 
precipltatioll ofthe Laves phase Fe2(W,Mo) and its effect on the lang term ereep strength is discusscd. 
Keywords: 9CrlMoWVNbN steel, P92, carbide precipitation, Laves phase, dislocation 
density 
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MICROSTRUCTURAL EVOLUTION DURING CREEP OF 
THE NEW MODIFIED 9% CR-STEEL WITH BORON AND 
COBALT 
P. Nowakowski, H. Straube I), K. Spiradek, G. Zeiler 2) 
Austrian Research Centres SeibersdorfGmbH 
Department ofMaterials Technology 
A-2444 Seibersdorf, Austria 
I)Technical University ofVienna 
Department ofMaterials Science and Testing 
A-I040 Vienna, Auslria 
2)BOEHLER-Edelstahl GmbH 
PO box 96 
A-8605 Kapfenberg, Austria 
Abstract 
The new modified 9% Cr steel wilh beron and cobalt i5 a further development of 
the ferritic 9-12% Cr stee1s for the use in low emission coal fired power stations. 
Continuous and interrupted ereep tests were perfonncd under different initial 
stress levels at 600°C and 650°C. ereep behaviour of the new steel i5 shown by 
means of different plots of the ereep parameters. The results of the creep tests 
show significantly lower creep rates for the referred new 9% Cr steel in 
comparison with conventional steels which promises longer life time of the 
components. The quantitative and qualitative characterisation of the microslructure 
was carried out after defined steps of creep defom13tion and different periods of 
ageing. Special emphasis is paid 10 the development or the dislocation structure 
and precipitation processes. The microslructural results are correlated with the 
creep behaviour of the material. Thc microstructural features responsible for the 
higher crcep resistance are shown and discussed. 
In particular thc affect of M23C6 precipitates on the microstructural stability and 
hence on the higher creep rcsislance of the referred steel are stressed out. 
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Dislocation Substructure Degradation during Creep 
of Martensitic Heat-resisting Steels with and without W 
K. Sawada, M. Takeda, K. Maruyama 
Department ofMaterials Science, Graduale Schoal of Engineering, Tohoku Universily 
Aob,-yam, 02, Send,; 980-8579, J'p,n 
R. Ishii and M. Yamada 
Heavy Apparalus Engineering Laboratory. Toshiba Corporation 
2.4 Suehiro--cho. Tsurumai-J...'U, Yokohama 230-0045, Japan 
Abstract 
Recovery of martensitic lath slructure was studied in creep of l1Cr-3W sleel and Mod.9Cr-lMo 
steel, La elucidate the role of W in the improvemenl of creep slrength. Creep defonnation induces 
recovery ofmartensilic lath struclUre. Dislocation nelworks fonning lath boundaries are unkniUed. 
and lath widlh increases with increasing creep strnin. The lalh width finally saturates to a value 
detennined by applied stress. The saturated values of the (wo steels are the same under the same 
creep condition. Hawever, growlh rale of lalh width is sJower in the W containing steel. The 
slower growth of lalh width resulls in the lower creep rate and Ihe consequent langer ruplure life 
of the W containing steel. Residual life assessment of Ihe sleels is discussed on the basis of the 
evolution of lalh struclure. 
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Microstructural investigation of advanced creep resistant 
lO%Cr steel 
J. KASL, V. KASKA 
SKODA RESEARCH Ltd., Tylova 57, CZ 316 00 PIzen, Czech Republic 
Abstract 
SteeIs operating in ereep regime in power plant components may undergo during service 
a rnicrostructural evolution (hat can affect their mechanical properties. The present work 
deals with microstructural analysis of the creep-tested sampies of the forged 10 % Cr steel. 
Quantitative dala of the dispersion and chemical analysis of the phases present and of the 
evolution of the dislocation structure have been measured. Microstructural features have been 
correlated with ereep strength. The results have been obtained within the 
CaST 50InlllWPIl projecl. 
Keywords: martensitic steels, microstructure, ereep, electron microscopy 
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Microstructural Stability During Creep of Mo-and/or 
W-bearing 12Cr Steels 
Yoshikuni Kadoya*. Brian F Dyson** and Malcolm McLean** 
*Mitsubishi Heavy lnduslrics, Takasago Research & Developmcnl Centre 
2~ I-I Shinhama Arai-cho, Takasago, Japan 
**Imperial College of Science, Technology and Medicinc 
Prince Consorl Road, London SW7 2BP 
Abstract 
The evolution and slabilily of parliculate phases during creep of molybdenum or tungsten-
bearing 12er steels have been invesligated in considerable depth. The imporlant finding is 
that the kinetics of Laves phase precipitation in the molybdenum-bearing alloy are significantly 
different from those in the tungsten-hearing alloy. It is generally belicvcd thaI such differences 
in kinctics will influence ereep behaviour. Data on Laves phase preeipitation kineties as a 
runetion of time and temperature were quanlified using the Wert-Zener equation in conjunction 
with the proprietary software Thermocalc 10 detennine equilibrium salute concentrations in 
these complex steels. The progressive depletion of Mo and W from the matrix as the panicles 
of Laves phase evolve has been quantitatively modelIed using experimental data obtained on 
both steels over a range of time and lemperature. Isolhermal coarsening rates of M~~Cr, und 
MX carbide particlcs were measured and found 10 oeeur al con!'lanl volume fraetion in aeeordanee 
with Ost wald ripening kinelics, wilh na signifieant differenc<.!s in rates [aund between the two 
sleels. The coarsening rates of MnCr. particles, found on suhgrnin boundaries. were consistent 
wilh a Ihird powcr dependenee on parlicle radius wilh an activation energy similar (0 that 
of volume diffusion. The sm aller MX parlicles. wh ich lay on subgrain-inlerior dislocation 
lincs. were better explained by dislocation pipe diffusion with a fifth power dependcllce on 
particle radius and an acLivation energy approximately hall' that of volumc diffusion. 
Keywords· 12Cr sIeeis, ereep, phase slability, kinclles, Thermocalc 
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MICROSTRUCTURAL DEGRADATION OF MARTENSITIC 
12%Cr POWER PLANT STEELS DURING PROLONGED IDGH 
TEMPERATURE CREEP EXPOSURE 
AStrang 
ALSTOM Energy Ltd., Steam Turbines, Rugby, CV21 2NH, UK. 
V Vodarek 
Materials Research Institute, Vitkovice, Ostrava, euch Republic. 
Abstract 
Detailed microstructural studies have been canied out on a senes of tempered martensitic 
12CrMoVNb steels which exhibited sigmoidal ereep rupture hehaviour when tested at 
temperatures of 550°C and above out to durations beyond 100,000 hours. This behaviour has 
been shown to be associated with marked softening of the materials due to microstructural 
degradation effects occurring during the eleep process. Electron miCIOSCOpy studies have shown 
that these effec(s take the form of dissolution of the fine M2X and MX matrix precipitates as 
weil as precipitation of coarse particles of M0. Z and Laves phases. In addition, progressive 
coarsening of the M'ue, carbides at prior austenite and martensite interlath bOWldaries oceurred 
together wirh the formation of extensive sub-grain networks. These processes result in the creep 
rupture strength of the steels progressively changing during ereep exposure frorn being initially 
controlled by precipitation strengthening to being dependent in the long tenn on solid solution 
hardening, thus aceoWlting for the observed sigmoidal inflexion in their high temperature creep 
rupture charaeteristies. 
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MICROSTRUCTURAL PHYSICALL Y BASED CREEP 
MODELLING 
P.Wcinerl, B.Buchmayr and H.Ccrjak 
InsLfor Materials Sciencc, Welding and Forming 
Technical Universily ofOraz, Auslria 
Abstract 
Thc relation of the microstrucLure and macroscopic creep bchovlour of a steel is a weil 
known and invesligared facl. Commonly, crcep-models usc Ihis in form of Ihe plasticity-
cancer! of Bailey-Orowan 10 couple the microslructure to plasticiLy. The various cxisling 
models da not contai" the descriplion of thc microslructure in a self-consisting, physical 
way. In Ihis conlribulion il is shown lhat by means of physical modcling, the kinetic of 
lhe dislocation-microslructure call be described and more quantitatively understood for a 
simple material. By the generally kind of the dislocation-modeI, it is posslble to verify it 
by different simulation types like recovery, relaxation and crecp which are strongly 
relaled. The inlroduced basic model is thereby verified and can bc used with further 
extensions far more complex sIeeis. A treated quest ion is the innuence of dislributed 
microslruclural parameters e.g. the subgrainsize-dislribuLion. Therefore a simulation 
sLudy is presented. 
Keywords: dislocation model, microslruclure, crecp. recovery 
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TUE SURFACE STRUCTURE OF GAS TURBINE BLADES 
G.D. Pigrova 
Central Boiler and Turbine Institute 
194021, St.PetersbUIg, Russia 
Abstract 
The X-ray analysis melbod has been used 10 study Ibe phase structure of gas turbine blades in 
operation. The structure and composition of oxide, su1fide and sulfate phases as weil as thc 
structure of oxides on electron-beam MCrAlY coated surfaces have been established for 
fixed and rotor nickel-base alloy blades after service. The phase state ofmatrix solid solution 
of the coating in different blade areas after service has been investigated. 
Keywords: gas turbine blade, surface, operation, X-ray diffraction method. phase structure 
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LONG-TERM CREEP AND CREEP RUPTURE PROPERTIES 
AND MICROSTRUCTURAL CHANGES 
OF HEAT RESISTANT STEELS 
K. Kimura', F. Abe', H. Irie' and K. Yagi' 
1. Frontier Research Center for Structural Materials, National Research Institute for Metals 
1-2-1 Sengen, Tsukuba-shi, Ibaraki 305·0047, JAPAN 
2. Mechanical Properties Division, National Research Institute for Metals 
1-2-1 Sengen, Tsukuba-shi, Ibaraki 305-0047, JAPAN 
3. 2nd Research Group, National Research Institute fOf Metals 
1-2-1 Sengen, Tsukuba-shi, Ibaraki 305-0047, JAPAN 
Abstract 
The NRlM (National Research Institute for Metals) eTeep Data Sheet Project which aiming 
to produce leng-term experimental eTeep and eTeep TUptuee data such as lOO,OOOh creep 
rupture strength on 47 kinds cf commercial engineering eTeep resistant steelg and alloys, has 
been continued sißce 1966. The present status of the Project and the recent research 
activities on lang-tenn eTeep and eTeep rupture properties are described. Tbe long-tenn 
creep and creep rupture properties, microstructural evolution and its effect on creep strength 
property and creep crack growth behaviour have been investigated for the creep resistant 
steeIs. The behaviour has been shown to be compJicated at long times, reflecting 
complicated microstructural evolution during creep. 
A46 82 
Miuostructure controt of martensitic phase matrix 
in advanced ferritic steets 
for USC boilers to achieve tong term stability 
M Igarashi, S. Muneki .nd F Abe 
National Research Institute for Melals (NRIM) 
Frontier Research Center for Stmctural Materials 
1-2-1 Sengen, TSlIkllba.lbaraki. 305-0047, JAPAN. 
Abstract 
Effects of alloying elements on thc relevant phase equilibria, .md thennodYlluuuc stabIlizatlO1l 
and strcngthening of martcnsitic phase matrix of thc stecls in C]ucstion have been studicd 10 
cstablish fhe fundamental guiding principles 10 achicvc new ferritic stccls wilh improved creep 
strcllgth uscd for 650 oe ultra super cfitienl (USC) boilers. Thc final phase cquilibriulTI 10 be 
considcrcd for the microstructurc ofthe stccls in question has been faund 10 bc a, MX, MU C6 and 
Laves phases. The roles of each alloying element on themlodynanuc stabilization and 
strengthcning of martensitic phase matrix have been c1arificd by evaluating 1~ tcmpcrature and 
compiling Ms temperaturc data. Same of the fcrritc-stabilizing elements such as Mo and Ware 
fOllnd to be cffectivc both to increase themlodynamic stability and strengthening of the martensite. 
Thc austenite-stabiilzing elements such as Re, Ir. Rh, Pt and Pd have been found to bc very 
effectIve to strengthen the martensitic phase matrix campared with the canventianal elements such 
as Cu, Ni and Co, although they reduce thennodynamic stability of martensite ..1t high 
telllperaturcs. Effect of Ir addition on microstmctural change and crecp-rclatcd propcrties has 
cxpcrimcntally bcen exanul1cd for model stccls with a base composition of O.08C-O.3Si-O.5Mn-
Fe-9Cr-3.3W-O.2V-O.05Nb-O.05N The addition of Ir to the stecls is found to incrcase 
resistance to softening of martcnsite at high tcmperatures and to be one posSlbility to incrc<""lse 
lang-tenn crcep rupture strcngth ofthe steels at elc\latcd temperatures aver 600 oe. 
Keywords : USC boilers. advanced ferritic stccls. crcep strength. martensitc 
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PROPERTIES AND MICROSTRUCTURE OF MODIFIED 
9CRSTEELS 
A. Di Gianfrancesco, O. Tass., Centro Sviluppc Materiali S.p.A. Rome ltaly 
G. Cumino, Dalmine Plant S.p.A., Dalmine (BG) ltaly 
Abstract 
Tbe Sleel Grade E911 has been developed from Grade P91, in Ibe frame of Ibe European 50 I 
COST Programme, to increase Ibe creep propertie.s at 600°C through the control of vanadium, 
nitrogen and the addition oftungsten. Tb. comparison between Grade P9l and E911 in terms 
of mechanical and creep properties, lang time exposurc, both in term of mechanical and 
microstructure evolution, are pre.sented. Tb. Grade 911 shows a performance better than 
Grade 91: its extrapolated stress to obtain • rupture at 600'C in 10' hours is now about 11 0 
MPa instead of 95 MP. for the Grade 91. Microstructure stability of bolb Ibe steels was 
investigated by isolbermal ageing tests for np to 10000 bours at 600 and 650'C and some 
mechanical behaviour are compared. Tb. results show !hat Ib. tensile properties and ductility 
are maintained. 
KEYWORDS: high chromium ferritic stee~ creep, microstructure evolution, COST 
programme, P91, E911. 
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CORROSION BEHA VIOUR OF SOME STEELS AND ALLOYS 
IN COAL GAS ENVIRONMENT 
J. Cizner, 1. Pitter, J. Kadlec, J. HakI 
SVUM, a.s., Research Centre, P.O. BOX 17, 190 II PRAGUE 9 
Cuch Republic 
Abstract 
Ton types of low and high-alIoy steels were subjected 10 the isothennal and cycled long-tenn 
corrosion tests in the coaI gasmcation environment. Test temperatures were 500, 700 and 
900"C. The best resllIts were obtained for AlS1310, lNCOLOY 800 H and ODM 751 steels. 
It tumed out, that the cycled lest models operating conditions better than the isothennal one. 
Key word.: beat resistant materials, high temperature corrosion, coal gasmer 
environment 
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LABORATORY INVESTIGATION OF HIGH TEMPERATURE 
CORROSION IN STRAW-FIRED POWER PLANTS 
M,MONTGOMERY 
Department ofManufacturing Engineering - Materials Technology, 
The Teclmical University of Denmark, Lyngby, Delillmrk. 
Abstract 
Corrosion in straw fired power plants has been studied in the laboratory for Sandvik 8LR30 (18Ce 10Ni 
Ti) and Sanicro 28 (27Cr 31Ni 4Mo), The influence of HCI and SO, was investigated at 600°C metal 
temperature for up to 300 houfs. In addition the carrosion behaviour of the same materials was examined 
after having heen exposed uoder a cover of ash in air at fumace temperatures from 525 - 700°C. The 3sh 
was eitllcr actuaI ash taken frorn a superheater in a straw-fired boiler or synthetic ash consisting of 
components found in real ash (Kel and KZS04). Exposures were undertaken combining the aforementioned 
aggressive gas environment with the ash deposits. Thus the corrosion potential of individual components 
(namely Hel, S02, KCl and K2S04) were evaluated. Experiments were also conducted where the metal 
temperature was 600°C whilst the flue gas temperature was 800°C to simulate the temperature difference 
encountered in superheaters. 
Keywords : high temperature corrosion, ash deposits, gaseous corrosion, 
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INFLUENCE OF SULPIDDIZING-OXIDIZING ENVIRONMENT 
ON CREEP BEHA VIOUR 
OF SOME IDGH TEMPERATURE MATERIALS 
l.Hakl, V.Bina, l.Cizner, T.Ylasäk 
SVUM, a.s., Research Centre, P.O.BOX 17, 190 11 Prague 9 
Czech Republic 
ABSTRACf 
Coal gasification and utilisation of combined cycle represents an environmentally as weil as 
economically advantageous process of energy conversion in power planls. The main constituents 
of coal gas are CO, CO" H" H20, CH., and sulphur compounds, mainly H,S. This 
multicomponent medium consHtutes a very aggressive atmospheric condition .and corrosion 
degradation represents the main life-limiting factor of metallic parts in gas path (for example in 
raw gas heat exchangers). Corrosion aggressivity of this medium is growing with an increase in 
temperature, pressure and concentration of harmless constituents. A general demand of desigoers 
is to use still higher parameters for the conversion process. Temperatures of about 500°C seem to 
be acceptable fram the corrosion point of view when high corrosion resistant materials are 
appJied. Apart from corrosion it is also possible to expect damage by creep processes when the 
parts are stressed at lhis relatively high ternperalure. TImt is why an experimental data on 
combination of high temperature corrosion and creep of candidate materials are essential for 
desigoers. 
Two low alloy steels of type O.3Mo and 2.5CrlMo, three austenitic steels of type I 8CrlONiTi, 
25Cr18NiAI and 25Crl8NiSi and Fe-base alloy 28Cr45Ni2.7Si were crept at 500·C under 
different stresses before and after long exposure time at temperature 500·C in oxidizing-
sulphidizing atmosphere consisted of in wt.% as folIows: 34%H,+34%CO+ 16.5%CO, + 15%H,O 
+O.5%H,S. From the results follows that the creep Iife calculation ofparts exposed to aggressive 
corrosive environment could be based upon the original material characteristics when the changes 
ofreduction ofthe load-bearing cross seetion area due to corrosive damage are accounted. 
Key words: heat resistant materials, high temperature corrosion, creep, Iifing. 
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THE ROLE OF MATERIALS IN MAXIMIZING THE ENERGY 
UTILISATION FROM SOLID W ASTE FUELS - RECENT 
DEVELOPMENTS IN MATERIAL OPTIMIZATION AND 
PROCESS DESIGN 
lMayrhuber", H. Celjak'" 
o>VerbundplanIDrauconsulting, A-9020 Klagenfurt; 
··)Institute for Materials Science, Welding and Fonning Technolgy, 
Technical University Graz, 
A-80 10 Geaz, Au,tria 
Abstract 
Energy utilisation from thermal waste treatment can be an important factor in Teaching 
the goals ofthe 1997 Kyoto conference forreduction ofgreenhouse gases. High 
temperature cOITosion of heat exchanger currently can C8use operating problems and 
tower efficiency of incineration plants compared 10 fossil power plants. Laboratory and 
field investigation during CaST-programme and [ai lure ease analyses ted to the 
fonnulation of a rnechanistic model for the fOffilation of the corrosive flue gas and the 
interaetion between flue-gas, deposits and the metal surfaees. The relevant parameters of 
the flue gas are deeribed and their effeels are quantified using a model flue gas. A 
eorrosion meehanism is dedueed from the analyzed sampies. The possible improvements 
by different materials seleetion for evaporator and superheater tubes is deseribed based 
on field tests and operators experience. The need and potential of further work is 
outlined. 
91 
INCREASE OF WASTE INCINERATOR POTENTIAL 
BYADVANCEDSUPERHEATERS 
(I) I (2) .• (J) P.L.F Rademakers • R.W.A. Wetze • E. KokmelJer 
(I) TNO Industrie, Apeldoorn, The Netherlands 
(2) Royal Scheide Boilers, VIissingen 
(J) KEMA Nederland B.V, Amhern 
Abstract 
Due 10 vftriations in waste and the increasing heating value, the chemical and thermal load of 
superheaters in waste-to-energy pIanls is high, resulting in severe corrosion and very limited life 
Limes. The objective of Ihis collaborative projecl was 10 improve superheaters, by the selection 
of potential materials Of coatings. Candidotc materials and coalings were tested on a laboratory 
seale and in practicc. Tube sampies were welded in a 400 °c/40 bar superheater. A total 
exposure time of 8370 hes. was reached. Plant condiLions were quite severe, resulting in 
corrosion rates of more than 3 mmlyear for the reference material 15M03. The advanced 
materials are able to increase Lhe availobiliLy, Lo extend the lifetime with a factor of 5 Lo 10. 
Based on Lhennodynamics for potential materials extrapolations were made for various 
temperatures and operation times. Advrmced materials offer the potenLialto make systems more 
tolerant Lo variations, Lo increase the avialabililY, and Lo apply higher sleam conditions. 
Keywords: corrosion, waste incineralion, superheaters, resistant alloys, coatings 
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CORROSION TESTING OF SUPERHEATER MATERIALS FOR USE 
IN WASTE AND BIOMASS FIRED COMBINED HEAT AND POWER 
PLANTS 
A. Karlssonll, B. Teislev2), O. H. Larsen'), P. Bmndsted4), A. 0Isen5), J. V. Nielsen'), C. Nielsen7) 
1) ELKRAFT Power Company Ltd., Lautruphoj S, DK-27S0 Ballerup Denmark 
2) Ansaldo Velund R&D Centre, Cenrervej 2, DK-6000 Kolding, Denmark 
3J [/S FYNSV iERKET, Havnegade 120, DK-5000 Oden se C, Denmark 
4} Materials Department, RIS0,Nationai Laboratory, DK-4000 Roskilde, Denmark 
5) Dept. ofOptical og Fluid Mech., RIS0 National Laboratory, DKAOOO Roskilde, Denmark 
6) Ansaldo Velund Conteaet Division, Abildager 9, DK-2605 Bmndby, Denmark 
7) Institut for Procesteknik, Danish Technical University, DK-2800 Lyngby, Denmark 
ABSTRACT 
The project involved testing of two test superheaters at a waste-fired Combined Heat and 
Power plant. The purpose cf the tests was to find suitable superheater materials, wh ich allow 
higher steam temperatures. . 
Six al/oys were selected for corrosion testing. The registered corrosion rates can be resumed 
in a calculation of life expectancy. For a tube with a wall thickness of 7 mm, the following 
lifetimes can be estimated: 252.MA: 8.2 months; AC 66: 8.1 monlhs; TP 347: 6.8 months; 
X20CrMoV[21: 6.1 months; FeCrAl: 2.8 months; IOCrMo910: 3.5 months. 
A significant result of the work perfonned is thus that the solution to the high steam data in 
waste-fired plants is unlikely to be found using high alloyed steels. A more probable way will 
be to change the plant design so the superheater tubes are not exposed to high temperatures 
and a high chloride content in the fIue gas at the same time. 
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PERFORMANCE OF AN IRON BASED ODS ALLOY 
IN A BOILER ENVIRONMENT 
S. Holmström, M. Sin~n. L Hcikinheimo, P. Auerkari 
VTT MOllufacturing Technology, Espoo, Finland 
J. Varmavuo 
Pohjolan Voirna Group, Mussalo, Finlalld 
R. Saarinen 
Faster Wheeler Service üy, Varkaus, Finland 
Abstract 
87 
The mechanically alloyed ODS (oxide dispersion strcngthened) materials have been 
cOlnmercially available only relatively recently. These alloys show generally good 
simultaneous resistance to creep and oxidation. and can withstand prolonged exposure at 
temperatures of up to 1000 . 1100°C. Practical applications would require reliable joining, 
while the ODS a110ys cannat be e.g. fusion welded. In addition to non-conventional joining, 
practical use of ODS alloys requires demonstration in real plant service. For these reasons, 
pilot applieations were sought in 1995-96 from Finnish boiler plants. To limit the eost impact, 
only iron-base rather than nickel base ODS alloys were considered. 
Using three commercial filler materials, brazed joints were tested in short-term shear, shear 
creep and multiaxial creep for the iron-based PM 2000 ODS alloy, the referenee Ni-based 45-
TM alloy, and their dissimilar metal joints. Shear creep testing results of brazed ODS/ODS-
and ODS/45-TM joints at temperatures of 800-900'C showed that with the nickel based BNi· 
5 and the palladium based Pd-40Ni filler metals the joint strength is considerably lowered 
with decreasing stress oe strain rale. The Pd-40Ni appeaes somewhat stronger in creep thall 
BNi-5 at 800°C, but the strength values cOllverge at low stresses oe temperatures abovc 
900°C. In comparison, the Ag-4Ti braze is unslIitablc for service temperatures above 600°C. 
No signiricant difference in the shear crecp strcngth was found between the base malerials. 
whethe!" PM 2000 ODS, 45-TM or their dissirnilar combination. 
Thc specimens for crcep testing lInder internal pressure werc made with similar cross section 
dimensions lo componcnLs of industrial heat exchangers. In spite of the selected joint 
geomelry ami initial difficullies in producing gns tight test joints, the results suggest that a 
creep strength comparable to those of the shear creep specimens can be achieved. 
Nevertheless, this creep strcngth level is cxpccted to be much IC5S than that of the OOS base 
ITIiHerial at very high tcmpemtures, i.c. above 900- JOOO°c. Thus, far heal exchangers 
operating at very high Lemperalures it appears advisable to design hrazcd joints 50 that they 
<Ire located outside the hottest regions. 
For a service demonstration, an uilcooled plate scclion of a boiler air Ilozzle, originally made 
01' 253 MA, was replaced wilh the PM2000 ODS material at the Mussalo coal fircd power 
plant 01' Pohjolan Voima in Kotka, Finlan.d. After aboul one year. the ODS material has 
performcd considerably better thau the original nozzle material, showing 110 visible material 
loss, warping or surface oxidation. In this case the ODS mnterial proved to be a cOst effective 
solution in spite of the initial material cost. 
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EV ALUA TION OF THE EROSION-CORROSION 
RESISTANCE OF COATED METALLIC MATERIALS FOR 
CFBCs APPLICATIONS 
Y. Dutheillet, V. Prunier, 
Electricite de France, DERlEMA, 
fes Renardieres, 
F-778 18 Moret-sur-Ioing 
Abstract 
Circulating fluidised bed combustors (CFBC) aHow to burn a wide variety of fuels and 
to !TIeet the restrictive pollutant emission requirements. However, materials, refractory 
as weil as metallic, are a SOHree of cancern as their are responsible for olltages and high 
maintenance costs. Erosion-corrosion resistant coatings are considered to improve the 
service life-time of the metallic substrate and to replacc refractory linings wherever 
possible. 
The erosion-corrosioll resistallce of coated materials has been measured Oll appropriate 
benches for 50 110urs, lhat simulate representative conditions of a CFB environment. 
Thc influence of the following operating parameters was assessed : temperature, 
particle velocity. nature of the particle etc. The results were analysed by profiJomelry 
and micrographic stlldies and showed the complexity of the involved mechanisms. 
Besides, coatings are shown to improve the erosion-corrosion resistancc comparatively 
to the bare substrate. 
Keywords : erosion-corrosion, coatings, fluidised bed 
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Corrosion resistant coating materials 
for heat exchanger tubes in waste incineration plants 
C. Schroer, M. Spiegel and HJ. Grabke 
Max-Planck-Institut {Ur Eisenforschung GmbH 
Max-Planck-Str. I, D-40237 Düsseldorf. Gennany 
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The heat exchanger tubes in waste incineration plants suffee from severe corrosion due to Hel in 
the flue gas and the fonnation of agressive meUs in the sulfate and ~hloride containing deposits 
on the surface ofthe tubes. 
Low alloy steels exhibit poar resislance because iron is strongly affected by the chlorine catalysed 
active oxidation, which is aße of the main metal consuming processes under these conditions. 
Even tubes made of high alloy steels, e.g. AC 66, a 27/32 CrlNi-steel, reach only unsatisfactory 
Iife times. The chromia or spinellayers formed on these materials are fluxed by the molten salts 
and passivation does not oceur. Same Ni-base alloys exhibit better resistance, but the high price 
for nickel prohibits their use as tube material. 
Since the corrosion processes only affect the surface and surface near zone of the tubes, coating 
these components seems to be a promising way of protection and the low demand on the 
mechanical properties of the coating material allows high contents of embrittling elements such as 
Cr and Si, which are beneficial for high temperature corrosion resistance. Furthennore, the use of 
low alloy substrate material coated with a cOITosion resistant Fe-base alloy might be the most 
econornic solution in spite ofthe additional costs involved by the coating ofthe tubes. 
Fe-Cr and Fe-Cr-Si model alloys and commercial steels were embedded in deposits stemming 
from the heat exchanger tubes of a waste incineration plant and exposed at 600°C in HCI-
containing atmospheres, in order to simulate the waste incineration environment. The material 
degradation was characterized by the mass 10ss of the specimens after descaling of the cOIToded 
specimens.The experiments have shown that Fe-Cr-Si-alloys are much more corrosion resistant 
than AC 66 and Alloy 625. 
The testing of thermal sprayed coalings of Fe-35Cr-5Si produced by atmospheric plasma and 
flame spraying such as HVOF in the simulated waste incineration environment revealed a strong 
dependence of the corrosion resistance on the structure and the arrangement of enclosed oxides 
within the scales. A structure of fine metal lamellae separated by oxide bands is detrimental for 
corrosion resistance. The available amount of chromium within the lamella, which is essential for 
corrosion resistance, is very limited. The oxide hinders the chromiurn supply from the underlying 
material and the corrosion and fast growing non-protective scales form. If the lamellae are wider, 
considerably higher amounts of oxides are tolerable. 
The HVOF process seems to be most suitable for the deposition of the material because of the 
low oxide content of the coatings resulting from the low residence time in the burning gas. In 
addition, coarse lamellar coatings with a tolerable oxide content are produced by flame spraying. 
In the laboratory experiments the corrosion rates measured far the commercial alloys are in the 
range of those observed in the final superheater section of waste incineration plants, so that 
conclusions on the corrosion resistance in such plants can be drawn. In the case of the final 
superheater, coaling with Fe-35Cr-5Si allows a reduction in Ihickness of the coating of 80 % 
compared to Alloy 625, which is in use as corrosion protective coating in waste incineration 
plants. 
Therefore, Fe-35Cr-5Si-coatings are a favomable way to protect low alloy steel tubes in waste 
incineration plants against high temperature corrosion resulting from Hel in the flue gas and 
molten sulfate/chloride mixtures in the deposits on the surface of the tubes. The HVOF spraying 
and flame spraying are suitable for the production of such coatings. 
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CERAMIC HEAT EXCHANGE APPARATUS FOR IDGH-
TEMPERATURE GAS TURBINES 
Soudarev A.V.; Grisbaev V.V.; Soudarev B.V. 
JSC 'e.T.S.', St.Petersburg, Russia 
ABSTRACT 
Increasing gas-turbine unit (alU) effectiveness can be achieved at combination ofthe high gas 
temperature at inlet (TIT= 1500-1600'C) wilh heat regeneration (regeneralion ratio 
E=O.75-0.85). This consideration promotes development of 8Ü'heaters (AR) applicable for a 
long-term operation at the gas temperature exceeding 1000oe. To manufacture high-
temperature heat exchange cells (HC) of such ARs, 8 structural ceramic material "SUGRA V' 
is ulilized. Along with the high heat resistance property, !his material has aClually no 
shrinkage, does not need a diamond machining, ensures a strong and light jointing of parts by 
the diffusive welding, does not oxidize up to 1200°C. 
97 
Brazing of SiC using the BraSiC® process 
for chemie al and thermal applications 
F. More!, P. Sire, A. Gasse 
CEAlCEREM-DEMIService of Materials Engmeering 
38054 Grenoble Cedex 9 - France 
Abstract 
Totally ncw, BraSiCO fillee alloys are particularly wen suited to thc joining of silicon 
carbide based materials (Sintered Sie, Si-Sie, Sie - Sie composites). Properties of thc 
brazed joints are very elose to those of Sie itself in terms of mechanical strength, 
temperature and corrosion resistances. Very flexible, thc BraSiCO process allows the 
manufacturing of largc components of complex geometry. Furthennore, thc outstanding 
thennal properties of Sie opens to this ceramic a large field of applications in heat 
exchangcr's technology. The possibility to manufacture a Sie heat exchanger using thc 
BraSiCO process has therefore been validated. A heat exchanger prototype has been 
fabricated and thermal tests have demonstrated the excellent resistance of the brazed joints 
for gas temperatures up to lOOO°C. 
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MECHANICAL PROPERTIES OF HIGH TEMPERATURE 
CORROSION SCALES ON MATERIALS FOR HIGH 
TEMPERATUREHEATEXCHANGERS 
S Osgerby, S R J Saunders, J P Banks and D D Gohil 
Centre for Materials Measurcmcnl and Technology, National Physical Laboratory, 
Teddington, Middx. TWI I OLW, United Kingdom 
Abstract 
In order to develop reliable life prcdiction methodologies lhere is a requirement for 
appropriate data to support auy predictive model. This paper presents a set of data for seales 
growll on the ons alloy, PM2000, du ring oxidation in air at 1100 and 11150 oe. 1lle data 
represent the parameters rcquircd du ring deveJopment of models for quantitative assessment 
ofscale breakdown in this alloy 
Growth kinetics showed that the alloy undenvent sub-parabolic oxidation. The scale 
growth rate was within the scatter band observed in previous studies of Ihis material. 
The seales formed were unifonn and consisted primarily of alumina. 
Growth stresses in the oxide were low (-390 MPa). The implieation is that creep 
relaxation in the substrate at the growth temperatures was rapid. This hypothesis is 
supported by the observation that residual stresses in the oxide after eooling to room 
temperature were similar for seales grown at 1100 and 1150 'e, -4.09 and -4.07 GPa 
respectively. 
Hardness and Young's modulus of thc oxide seale and substrate were measured using 
nanoindentation. The values obtained were independent of oxidation conditions 
showing that the structure and eomposition of the oxide is independent of oxidation 
eonditions and that the substrate is not subject to thennal softening with the range of 
conditions used in this investigation. 
Attempts to measure failure strain of the oxide using f1exural loading were 
unsuecessful. Defonnation was localised around the loading points and was not 
transmittted to the specimen gauge length. An improved test tcchnique to measure 
this property is required. 
Seale adhesion was eharaeterised using serateh testing and indcntation. Seratch 
testing showed qualitatively that the seale was adherent. This observation was 
confinned by the indentation test were high values for the interfacial toughness (170-
960 J ni') and [raeture toughness (8 - 20 MN m·LS) were obtained. These values are 
higher than those obtailled in previous work on alumina seales although the precise 
reason is not elear. 
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INFLUENCE OF PROCESSING ON MECHANICAL 
PROPERTIES OF MA 956 ALLOY 
J. Chao, M.C. Crislina, J.L. Gonzalez-Carrasco and G. Gonzalez-Doncel 
Cenrm Nacional de Investigaciones Metalurgicas. (CENIM-CSIC). Avda. Gregorio dei Amo 8. 
E-28040 Madrid, Spain 
Abstract 
The microsLruclural characteristics (grain size and texture) and the mechanical properlies 
al room temperature of MA 956 after different processing conditions have been 
investigated. The material was supplied in Ihree condilions: hot isostatically pressed (HIP), 
hot eXlruded + 1 330°CII hand hot rolled. Two annealing treatments: 1100°CllOO hand 
1330°CII h were performed on the hipped and hot rolled materials 10 observe the effect 
of the Ihermomechanic history on their final microstrucLure. In thc hol extruded 
condition, the initial strong <110> fihre texture evolves towards a very strong <I J I> 
tcxture after 1330°Cllh treatment. whereas in the hot rolled eondition the initial fibre 
lexture, with <110> and <100> eomponents. results in a <100> after the same thermal 
treatment The differenee between the final tex lure of the extruded and rolled materials 
ean be allributed to differenees in the volume fraetion of primary grains with <100> and 
<111> orientations. Clear differenees in the mechanieal properties along the longitudinal 
direetion are observed. which results from the very pronouneed texture developed. The 
MA 956 in the hot-extruded plus annealing at J33crcll h presents the highest Young's 
modulus and proof stress. 
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FAlLURE MODES OF ALUMINA SCALES ON FeCrAlRE ALLOYS 
J.P. Wilber, MJ. Bennett*, J.R. Nicholls 
Paper will be distributed at the meeting. 
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HIGH TEMPERATURE MATERIALS IN THERMAL WASTE 
TREATMENT PLANT APPLICATIONS: 
CORRELATION OFPLANT PERFORMANCE DATA WITH 
SIMULATED LABORATORYTESTS 
G.K. Großmann, J. Klöwer 
Paper will be distributed at the meeting. 
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A COMPARATIVE INVESTIGATION ON THE 
THERMO-MECHANICAL FATIGUE BEHA VIOUR OF 
THREE NICKEL-BASE SUPERALLOYS 
C.C. Engler-Pinto Jr. 1 and F. Rezai"-Aria' 
IEscola de Engenharia de Säo Carlos (USP), Departamento de 
Engenharia de Materiais, Säo Carlos, Brazil 
2Ecale Nationale Superieure des Techniques Industrielles et des 
Mines d' Albi-Cannaux, Centre Materiaux, Albi, France 
Abstract 
The Ihenno-mechanical fatigue behaviour of three nickel-base superalloys - IN738LC, 
CM247LC-DS and SRR99 - is compared for the out-of-phase cycle between 600-
90QOC. The results show that SRR99 presents a betteT TMF resistance as compared with 
the other two alloys. In fact, fOT a 1.0% mechanical strain range, the life observed for 
SRR99 is 2 times langer than for CM247LC-DS and 50 times langer than IN738LC. 
The large difference between the Iife observed for the pOlycrystalline alloy in 
comparison with the two others is due to physical and mechanical pr~perties, mainly 
the modulus of elasticity and the yield strength. However, this difference in life is much 
smaller when the inelastic strain range or an energy based criterion is used to correlate 
the TMF Iife. Therefore, it seerns that the latter are more adequate to take into account 
the TMF behaviour of these alloys. 
Keywords : superalloys, thermo-mechanical fatigue, out-af-phase. 
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DEVELOPMENT AND CI-IARACTERISATION OF A HIGH 
STRENGTI-I SINGLE CRYSTAL SUPERALLOY - SMP 14 
N Gravill*, J i'vI Benson**, G McColvin***, M rvlaldini**** 
*Ross and Cathcrall Ud. Killnmarsh. Shcfficld. England 
**Division of M<ttcrials. SeicHce & Tcchnolog~_ CSIR. Prctoria, South Africa 
***GEC AlslhoJm. PO\\"cr GCllcmtion Division. Ellropc..1J1 Gas Tllrbillcs Ltd, Lilicolil. Englalld 
****CNR-TcMPE. Via R Cozzi 53, 20125 Miklllo. Italy 
Abstract 
Thc single cl"}stal nickcl-b<1scd supcralloy SMP 14 \\805 dc"c1opcd by thc CSIR. in conjllIlclioll \\ith 
Ross & C .. therall Ud, far tllTbine bInde and vane applications. It was dcsigned 10 pro\,jd~ an cC]lII\"al\!IH 
lCmpcraturc capabilily 10 currcnl sccond generation smglc crystal alloys togclher with salisfaclOry 
microslmcluraI stability and proccssibility. SMP 14 is clIrrcnlly 1I1ldcr e\'aluation by EllroPC~l11 G;tS 
Turbincs Ltd. This paper sllmnKlriscs the \York to d;:ltc cnrried out \\"ithin thc test programme of Ih(: 
COST 501/11I - WP 14:SC SlIbgrollp. 
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Improved Performance CMSX-4® Alloy Turbine B1ades 
lJtilising PPM Levels ofLanthanum and Yttrium 
David A. Ford, Harry K. Bhangu, Keith P. L. Fullagar 
Rolls-Royce pie [Derby and Bristol, UKj 
Maleolm C. Thomas, Paul S. Korinko, Phil S. Burkholder 
Allison Engine Company [Rolls.Royce pie] [lndianapolis, Indiana, USA] 
Ken Harris, Jacqueline B. Wahl 
Cannon·Muskegon Corporation [SPS Techno!ogies, Ißc.] [J'.-Iuskegon, Michigan, USA] 
ABSTRACT 
Turbine in let temperatures (TITs) have now reached 1650 Cl C (JOOO°F) at maximum power for 
the latest large commercial turbofan engines, resulting in high fuel efficiency :md thrust levels 
approaching or exceeding 445 kN (100 000 (hs.). High reliability and durability must bc 
intrinsically designed iota these turbine eogines to meet operating economic targets and ETOPS 
certification requirements. This level ofperformance has been brought about by a combination 
of advanees in air eooling for turbine blades and vanes. 3-D computerized design technology for 
stresses and airflow and the development and application of rhenium (Re) containing, high y' 
volume fraction nickel-base single cryslal (SX) superalloys, with advanced eoatings, including 
prime-reliant ceramic thermal barrier coatings (TBCs). 
At high gas temperatures, several issues are critical to turbine engine perfonnance retention, 
blade Iife and integrity. These are Hp oxidation in particular for shroudless blades, interna I 
oxidation for Iightly cooled turbine blades and TBC adherence to both the airfoil and tip seal 
liner. A team approach hLls been used to develop an improvement to CMSX-4~ alloy which 
contains 3% Re, by reducing sulfur (5) and phosphonlS (P) levels in the alloy to < 2 ppm, 
combined with residual additions of lanthanum (La) + yttrium (Y) in the range 10-30 ppm. 
Results from eyelie, bumer rig, dynamic oxidation lesting at I09JoC (200QoF) show thirteen 
limes the number of cycles to initial alumina scale spallation for CMSX-4 [La + Y] compared 
to standard CM5X-4. CM5X-4 (ULS) [La + Y] HP shroudless turbine blades are scheduled to 
commence eogine testing in mid 1998. 
Keywords: CMSX-4, Turbine, Durability, Lanthanum and Yttrium. 
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MODELLING OF THE MECHANICAL BEHAVIOUR 
OF THERMOMECHANICALL Y LOADED CMSX-4 
F. Schubert, T. Steinh.us, G. Fleury* 
Research Centre Jülich, D • 52428 Jülich, GennallY 
.. now ECIA. 88 roe de Seloncourt, F ~ 25402 Audincourt Cedex, France 
Abstract 
Thc aim of the prcscnt work is ro investigate superalloy blades far the first rotor stage in gas 
turbine. Single crystal bladcs exhibit an anisotropie deformation behaviour. They are subjccted of 
triaxial stress fields induccd by camplex eDoling systems. The prediction of thei .. deformation 
hchaviour requires constitutivc equations. The ylr' microstructure evolution during the Iife time 
modifies the material properties and has to be taken illta account in the constititive equations. Far 
modclling anisotropie, viscoplastic bchaviour of single crystal blades taking into account the 
evolution of the microstructure, a microstructure dependent, ortholropic Hill's potential, whose 
anisotropy coefficients are cOlUlected to the edge length of l' particles, is applied. Thc shape of y' 
partic!cs renmins cubic. Tesling at low temperatures, the microstructure-dependcnt potential leads to 
Ihc cubic version of the Hill's potential. The "/' particles coalesccnce to foml rafts at high 
temperaturcs (above 850°C), so that the viscoplastic response of the supcralloy is continuously 
modified. Rafting rcduces the ereep resistance of<OOl>-orientatcd specimens, but docs not oeeur in 
< lll>-orientated speeimcn. Therefore there is an anisotropy change between <001> and <111>, 
which is slIccessfully sillllllated using the microstructure-dependent model. 
Keywords: CMSX-4, microstructufc, constitutive equations, "/' rafting, defonnatioll modcJling 
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AN INVESTIGATION OF THE ANISOTROPY OF THE 
SECONDARY CREEP RA TE IN CMSX-4 
P.S.White 
GEC ALSTHOM, Mechanical Engineering Centre, Whetstone, Leicester, LE8 6LH. UK 
Abslract 
Secondary eTeep data in three directions for CMSX-4. with data for other single crystals, 
were treated with a multi-batch fitting procedure so as to seek common trends over a 
wide range cf stress and temperature while revealing the batch variability within the 
CMSX-4 cJass as weil as intrinsic (fitting) seatter. lt was concluded that anisotropy, 
while strang af high stresses, becomes weak or even absent af levels characteristic of 
power turbine applications. Also, though CMSX-4 has less batch variability than 
equiaxed materials, single crystal intrinsic seatter is geeater and Ihere is similar overall 
scatter for CMSX-4. 
Keywords: single crystal, secondary creep rate, anisotropy, extrapolation, scatter, 
variability 
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Creep-Fatigue Behaviour ofpolycrystaIline and Single Crystal 
Nickel Base Superalloys IN738LC and SC16 
W. ehen and RP. Wahl 
Hahn-Meitner-Institut Beclin GmbH 
Glienieker Straße 100, 14109 Berlin, Germany 
Abslracl 
Creep-fatigue behaviour of a polycrystalline superalloy IN738LC, a widely used blade 
material in Iand-based gas turbines, and a single crystal superalloy SCl6 developed to 
replace the former have heen investigated at 1223 K. 80th the alloys have similar 
chemical compositions and initial microstructures. The mechanical tests were conducted 
on a servohydraulic MTS testing system at a cyclic strain rate of IO-j 5.1 and constant total 
a'(ial strain amplitudes of 0.4 %. The stress was kept constant (hold stress) ooly in the 
tensile part of Ihe cycles. Different hold stresses (150 - 230 MPa) were used in Ihe 
present study. Both the alloys show qualitatively a similar defonnation behaviour: In the 
compressive part of the cycles a stable cyclic stress response was observed under all test 
conditions. The stress amplitude in compression increases with decreasing hold stress. 
The average creep rate during the hold periods as a function of number of load cycles 
shows a three stage behaviour: A rapid increase in the creep rate in the first stage. The 
second stage is characterised by a much slower lncrease in the creep rate with increasing 
number of cycles. In the last stage, the creep rate increases again rapidly. The cyclic lives 
of polycryslalline superalloy IN738LC (a few hundred cycles) are rnuch shorter as 
eornpared to Ihose of single eryslal superalloy SCI6 (aboul 4000 eyeles) under Ihe same 
test conditions. Besides, the single crystal alloy SCl6 shows a weaker dependence of 
cyclic life on hold stress levels. The larger cyclic life of the alloy SCI6 is obviously 
related to Ihe absence ofhigh angle grain boundaries in Ihe alloy. 
Keywords: Creep~fatigue, deformation, cyclic ure 
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DESIGN OF A THIRD GENERATION 
DS SUPERALLOY TMD-I03 
T.Kobayashi, Y.Koizumi, H.Harada, T.Yamagata, 
A.Tamura* and S.Nitta+ 
National Research Institute for Metals 
1-2-1 Sengen. Tsukuba Science City, Ibaraki 305-0047, 
Japan 
*Kawasaki Heavy Induslries, Ltd. 
1780 Kamikoya, Yachiyo City, Chiba 276-0022, 
Japan 
Abstract 
A third generation DS superalloy with creep strength as high as the second generation 
SC superalloys was developed. The alloy TMD-103 was designed by simply adding 
grain boundary strengthening elements, carbon and boron, to a third generation SC 
superalloy TMS-75 containing 5wt% Re. The alloy was cast to columnar grained 
directionallysolidified structure wilh solidification rate at 200 mmlh. Creep test was 
performed after solution and aging heat treatments. Typical creep rupture Iives at 
900'C-392MP •• nd I 040'C-137MPa being 519 hand 884 h, respectively, which were 
equivalent with CMSX-4. A bumer rig test showed a good hot corrosion resistance 
comparable with IN-792Hf. A DS hollow blade of a 2000KW c1ass industrial gas 
turbine was successfully cast with TMD-103. 
500 25'C 
-e- TMO-l03 (3,d OS) 
-b,- CMI86LC(2nd OS) 
--v-- CM247LC (I,t OS) 
100 0- IN7920S (lot OS) 
24 25 26 27 28 29 30 
LMP=T(20+log(tr» x 10-' 
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THIRD GENERATION SINGLE CRYSTAL SUPERALLOYS 
WITH 
EXCELLENT PROCESSABILITY AND PHASE STABILITY 
Y.Koizumi, T.Kobayashi, T.Yokokawa, T.Kimura, M.Osawa· and H.Harada 
National Research Institute for Metals 
(*New Energy and Industrial Technology Development Organization) 
Tsukuba Seience City, Ibaraki 305-0047 
Japan 
Abstract 
Third generation single crystal superalloys with excellent processabilities and 
phase stabilities were developed. Vsing NRIM A1loy Design Prograrn with help of 
Cluster Variation Method computer prograrn based on statistical thermodynamics, 
an alloy TMS-75 containing 3wt% Cr, 5wt% Re, etc, was designed. The alloy had 
a wide solution treatment windows ('" 40°C), suppressed TCP formation 
tendency and a high creep strength. Typical rupture lives at 900°C -392MPa and 
1040°C -137MPa being 961 hand 1526 h, respectively. A laboratory scale hot 
corrosion test showed a very good hot corrosion resistance as weIl. 1t was also 
found that an Ir addition to TMS-75 further improves the phase stability. 
Keywords: Third Generation Single Crystal Superalloy, Processability, 
Phase Stability, Creep, Hot Corrosion 
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DEVELOPMENT OF A NEW NI-BASED SINGLE CRYSTAL 
SUPERALLOY FOR LARGE SIZED BUCKETS 
H. Talllaki, A. Yoshinari, A. Okayamtl and S. Nakamura 
.Iitachi Ih:sean:h Lab .. I-lilachi. I.rd .. 7-1-1 Ohmiktl. Ilitachi. Ibaraki. 319-1192. Japan 
K. Kageyama and T. Ohm) 
MClallurgical Research Lab .. IIiHH.:hi Metals. LId .. 2107 Yasllgi. Yasugi. Shimanc. 692-8601. Japan 
Abstracl 
This paper proposes to salve the problem or grain defects which aceur in single 
crystal buckets 01' vanes cf industrial gas tUl'bines. At first, the most promising 
combination of grain boundary strengthening elements was investigated by considering creep-
Il.lpture strength of Ni-hased directionally solidificd supcralloys in both longitudinal and 
transverse directions. Next, the most promising combinalion of W. Nb and Ta additions was 
examined with respect to phase stability and ereep-rupture strength along the longitudinal 
direetioll. Finally, the 8 eontent was dctennined with respect to solution heat treatment stability. 
At a particular stress range, the new alloy; YH61 (single crystal) shows similar creep-rupture 
strength to olle of the 2nd.-generation single crystal superalloys, although YH61 contains highcr 
level of the grain boundary strengthening elements. 
Keywords: Superallay, Single Crys!al, Law Angle Boundary, High Angle Ilaundary 
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HIGH PERFORMANCE AND HIGH COMPLEXITY NET SHAPE 
PARTS FOR GAS TURBINES : THE ISOPREC® POWDER 
METALLURGY PROCESS 
F. Pellerin*, D. Guichard**, G. Raisson***, F. Moret**** 
• TURBOMECA, 64511 BORDES CEDEX, France 
** SEP, Division de SNECMA. Fon:!t de VernoJl, B.P. 802,27207 VERNON, Franee 
*"'* TECPHY, Usine d'imphy. 58160 IMPHY, Franee 
•••• CENCEREM, DEM/SOM, 38054 ORENOBLE CEDEX 9, France 
Abstract 
ISOPREC@ is a powder metallurgy process in which a highly sophisticated mould is filled 
with the powder alld furt her densified through a HIP eycle. After compactioll, the mould is 
mechanically Of chemically removed, alld a net shape part is obtained. 
The (arge and complex deformations which are involved in the densification of the powder 
cannat be predicted manually (more than 30 % of the initial volume is eliminated). A 
modelling tool is under development. Hs data base is progressively enriched with the 
properties of different mould and powder materials, in order to inerease eomputatioll 
accuracy and minimize trial-and-error experiments. Comparisolls between calculated and 
manufaetured shapes are presented. 
Examples of applieation of this technology to Ineonel 625, Ti-6-4 and A316LN are 
presented. High dimensional aceuracy and meehanical performance are obtained for eomplex 
parts, therefore minimizing cost and production cycle time for such high level components. 
Keywords: Powder metallurgy, Hot Isostatic Pressing (HIP), Inconel 625, titanium base 
alloy, A316LN 
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HIGH TEMPERATURE MEASUREMENTS OFyly' LATTICE 
MISFITS IN THIRD GENERATION Ni-BASE SUPERALLOY 
T. Yokokawa, M. Osawa', H. Murakami, T. Kobayashi, 
Y Koizumi, T. Yamagata and H. Harada 
National Research Institute for Mctals 
*(New Energy alld lndustflal Teclmology Devclopment Organization) 
1-2- L Sengen. Tsukuba Scicnce city. Ibarakl 305-0047, Japan 
Abstract 
The laUice misfit ofa third generation single crystal superalloy, TMS-75, was measured with a 
powder sampie (at R.T. - 11 OO"C) and a bulk sampIe (at R.T.) by X-ray diffractometry. The lattice 
misfit obtained with the powder sam pie changed from positive to negative as the temperature 
increased; 0.16% at R.T. and -0.14% at IIOO"C With the single crystal bulk sampie, a 300 
superiaUice and a 400 fundamental reßections were accurately measured at R.T. with a parallel X-
ray beam mode using Ge(lll) channel-cut monochromator. The 300 reßection was resolved into 
two peaks ( Y 'I and Y '2 ) probably due to the coherency strain between y and y , phases. The 400 
retlection was resolved into four peaks correspond to y and y I phases The lattice misfit thus 
obtained from the bulk sampie was about -0.06% at R.T., which is slightly shifted toward negative 
compared with that ofthe powder sampie. 
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Design ofhigh Re containing single crystal superalloys 
for industrial gas turbines 
T.Hino*, Y.Yoshioka*, K.Nagata\ H.Kashiwaya*, 
T.Kobayashi**, Y.Koizumi**, H.Harada** and T.Yamagata** 
Toshiba Corporation* 
2-4, Suehiro, Tsurumi-ku, Yokohama, 230-0045, Japan 
National Research Institute for Metals*· 
1-2-1, Sengen, Tsukuba Science City, 305·0047, Japan 
Abstract 
Re addition to Ni-base superalloys tend to enhance the precipitation of topologically 
c10sed packed (TCP) phase. In this paper, characterization of TCP phase and the 
influences of TCP phase on creep rupture life were studied. From analytical electron 
microscopy (AEM) observation, TCP phase was {allnd to be a sigma phase containing 
high concentration of Re, Mo and W elements. TCP phase tended to precipitate easily 
at higher temperature and there was no preferential temperature ofprecipitation up to 
llOO°C. Creep rupture lile was reduced proportionately as volume fraction of TCP 
phase increased. Phase computation (pHACOMP) results did not necessarily correlate 
weIl with experimental results. 
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THE LOCATION OF ATOMS IN Ir-CONTAINING Ni-BASE 
SINGLE CRYSTAL SUPERALLOYS 
H.Murakami, M.Osawa', T.Yokokawa, Y.Koizumi, T.Yamagata and H.Harada 
National Research Institute for Metals, 
*(New Energy and Induslrial Technology Development Organization) 
1-2-1. Sengen, Tsukuba-City, Ibaraki 305-0047, Japan 
Abstract 
In order to develop higher efficiency engines, there are stiH considerable efforls being devoted to 
enhance the temperature capabilities of Ni-base single crystal superaUoys. To enhance heat 
resistibility, the superaHoys usuaUy contain several aHoying elements such as Cr, Co, Mo, W, Ta 
eIe. Among these elements. Re has recently been paid much attention because of its contribution to 
improve both the creep and corrosion properties. However, Re addition also assists the fOffi13tion 
of TCP phase, partly because Re has a low diffusibility, which results in the segregation of Re 
atoms where precipitation of TCP phase easily oecurs, and partly because the solubility limit of Re 
in Ni is rather low due to the difference in atomic structures between Re (hcp) and Ni (fee). On the 
other hand, addition of Ir in Ni-base superalloys is of particular inlerest. Since Ir and Ni have a 
complete solid solution system, we expeet a fairly high amount of Ir can be aHoyed compared to 
Re. It should also be noted that there have been no reporls about Ir-containing Ni-base superaHoys. 
The main objective of this study is to investigate the microscopic characteristics of same Ir-
containing superaHoys using atom probe field ion microscopy (APFIM) and transmission electron 
microscopy (TEM). The derived data were also compared with the numerical estimations obtained 
from the cluster variation method (CVM) and the Monte Carlo Simulations (MCS). 
It is found by preliminary APFIM investigations that Ir has a small preference to partition into the y 
phase and occupy for the Al sites in the y' phase. which were in agreement with numerical 
estimations derived by CVM and MCS. However, the partitioning preference to the y phase is less 
stronger than that of Re and Mo. Tbe typical configurational features of Ir, such as enrichment at 
interfaces which were often observed in Re·containing alloys. have not been observed in Ir-
containing alloys. In this study, these microstructural characteristics of Ir-conlining alloys will be 
discussed compared with those of other alloys systems such as Ir-free alloys and Re-containing 
alloys. 
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PRECIPITATE SHAPE DEPENDENCE OF STRENGTH IN 
IR-BASE REFRACTORY SUPERALLOYS 
Y. Yamabe-Mi1arai, Y. Ro, T. Maruko*, T. Yokokawa, Yuefeng Gu, and H. Harada 
National Research Institute for Metals, 1-2-1 Sengen, Tsukuba, Ibaraki, 305-0047, Japan 
*Furuya Metals Co. Ltd., 1915 Morizoeshima. Shimodate, Ibaraki, 308, Japan 
Abstract 
The microstructure and compression strengths of Ir-base binary alloys (Ir-X, where X 
is V, Ti, Ta, Nb, Hf, or Zr) at temperatures between room tempcrature and 1800 oe 
were investigated. Several Ir-base alloys displayed superior strength throughout the 
temperature range. An fee and L 12 two-phase structure was observed in the lr-based 
alloys by a transmission electron microscope and is believed to be an importa"t 
element of the strength performance. Precipitate shape was observed to depend upon 
(he lattiee parameter misfit between an fee matrix und L 12 preeipitates. Cuboidal L 12 
precipitates were formed in the Ir-Nb and Ir-Ta alloys with lattiee misfit about 0.3%. 
Plate-like preeipitates were formed in the Ir-Hf and Ir-Zr alloys with lattiee misfit 
about 2%, and these preeipitates fonned a three-dimensional maze structure. The 
strength of these alloys increased with inereasing lattice misfit. Prccipitation 
hardening was investigated in the Ir-Nb and Ir-Zr alloys, but was larger in the Ir-Zr 
alloy. The effec. of precipitate shape and coherency strain on precipitation hardening 
are discussed in terms of lattice misfit. 
Kcywords: precipitation hardening, compression strength, high temperature materials, fee and LI 2 
two phase eoherent structure 
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Hot Corrosion Properties of Ni-base Single Crystal 
Superalloys in Burner Rig Test 
M. Misumi* A. Mitsuhashi* S. Wakita* 
A. Mizuta** T. Takenaka** H.Ishihara*** 
* Mitsubishi Materials Corporation Cenlral Research Inslitute 
1-297 kilnbukuro-cho, Omiya, Snilama 330-8508, Japan 
** Kaw<.Isaki Heavy lndustries Limited Akashi Technical Institute 
*** Kawasaki Heavy Industries Limited Aerospacc Group Jet Engine Division 
I-I Kawasaki-cho. Akashi, Hyogo 673-8666, Japan 
Abstract 
C15 
Rcsponding Lo the demand of increase in the gas turbine inlet lemperaLure, Ni·base single crystal 
superalloys havc been used for turbine blade and vane because of their excellent high tcrnperature 
properLies. High resistancc 10 hot corrosion caused by impurilies in fucl is required for hoL gns path 
componenls of the land-based industrial gas turbine. However, there are a few systemalic sludies for hot 
nmosion (sulfidation in particular) behavior of single cryslal supcralloys in severe corrosion 
environments such as combustion atmosphere in heavy oil-fircd gas turbine. In Ihis sludy the hot 
forrosion behavior of commerciaI Ni-base single crystal superalloys (CMSX-2, CMSX-4 and CMSX-10) 
was invcstigated using burner rig tests which partially simulate the combustion gas atmosphere in heavy 
oi1-fired gas turbine. Some equiaxed-grain alloys were used as the comparison alloy. In the accelernted 
hOl corrosion test at 900°C the hot corrosion resistance of the single crystal superalloys was slightly lower 
Ihan or equal 10 Ihat of higher Cr containing equiaxed-grain alloys. At higher temperature of 1050°C. aJl 
single cryslal superalloys were attacked severcly and catastrophic cOITosion was laken pi ace. The network 
s\ructures of inner oxides were observed in the single crystul superalloys after hOL cOITosion test al 
I050"C. However, in accelerated oxidation lest al 1200°C, the single crystal superalloys passes exccllcnt 
oxidation resislance. Considering the resulls of Ihis sludy, we proposed a new Iype of mechanism of hOl 
l'orrosion of the single cryslal superalloys. 
Keywords: hot corrosion, Ni-base superalloy, single crystal, burner rig test 
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EFFECT OF GRAIN BOUNDARY ORIENTATION ON CREEP 
AND FRACTURE BEHA VIOR OF A DIRECTIONALLY 
SOLIDIFIED NICKEL-BASE SUPERALLOY 
Yuan Chaol ,2. Gua Jiantingl , YangHongcai2 
1 Institute afMetal Research, Chinese Academy ofScicnces, Shenyang 110015, P.R.China 
2 School afMaterials and Metallurgy, Nartheastem University, Shenyang 110006, P.R.China 
Abstract 
The effect of grain houndary orientation on creep and fracture behavior of a directionally 
solidified Ni-base superalloy used for blade and vane in advanced gas turbine engine had been 
investigated at 1253K in the stress rnnge of 130-190 MPa. The resufls showed that Ihree 
orientation specimens, in which the columnar grain houndaries were oriented longitudinally, 
transversely, and 45 degree to dIe applied stress axis, had similar shape of the creep curves 
with a small prirnary and a dominant tertiary creep stages. It was found that the ereep 
deformation mechanism in three orientation specimens was same, which was controlled by 
dislocation c1imb hy-pass process. The strain to fracmre in longitudinal crientation specimens 
was much higher than that in lransverse and inclined orientation specimens. In terms of SEM 
observations, it was suggested that this difference of the ereep fraeture behavior came from 
the change cf ereep fraeture mechanism from the transgranuJar mode in longitudinal 
orientation specimens to lhe intergranular failure in the other orientation specimens. 
Keywords : direclionally soliditied Ni-base superalloy, grain boundary orientation, high 
temperature ereep and fraeture behavior 
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High Temperature Double Shear Creep Deformation of 
Ni-based Superalloy Single Crystals 
M. Kamaraj, K. Neuking, M. Kolbe and G. Eggeler 
Institut für Werkstoffe, Werkstoffwissenschaft, Ruhr-Universität Bochum, 
Universitätsstr.150, D-44780 Bochum. Germany 
Abstract 
High Lemperature (>1273 K) ereep anisotropy of single crystal (SX) nickel buse superalloys 
ofCMSX·6 aod CMSX-4 was studied using a shear test technique. The results indicate that 
thefe is a dependence on crystallographic orientation of shear ereep properlies in baLh alloys 
for alltesting caDditions (T = 1293-1373 K, 't =,85-100 MPa). In halh materials, the smallest 
minimum ereep rate was fOllod for the {OO l}[ 1 00] crystallographic shear system. CMSX-4 
is more creep resislant than CMSX-6. Thc apparent aetivation energy for creep in the stress 
"nd temperature range of this study is higher for CMSX-6 than for CMSX-4. An explanation 
of this effect is based on an Orowan back stress I rafting argument: dislocalion Joops which 
fiH thc narrow y - channels experience an Orowan back stress deterrnined by the channel 
width. As rafting proceeds the channel width widens. This effect is diffusion controJled "nd 
its temperature dependence gives an additional contribulion to the apparent activation 
energy of creep wh ich Iherefore naturaHy is higher than the activation energy of self 
diffusion. The effect is less pronounced, however, in CMSX-4 as compared to CMSX-6 
because diffusion is slower in CMSX-4 due to the presence of heavy aHoying elements (W, 
Tu and Re). 
Keywords: shear, creep, CMSX-4, CMSX-6, creep anisotropy, minimum creep rate. 
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Fatigue crack growth ofsmall cracks in the single crystal 
super alloys SC16 and CMSX-4 
T. Rieck. F. Schuber! 
FOfschungszentrum Jülich GmbH, Institute for Materials in Energy Systems (IWE), 
1913. 52425-mlich. Gennany 
Abstract 
In the new generation of stationary gas tucbines for electrical power generation, single crystal 
superalloys are used. With thc new design of gas turbine components crack growth studics of small 
cracks in these alloys gain more and more importance. Fracture mechanics concepts for cracks 
smaller than lrum with different crack shapes are very userul for prediction of crack propagation 
between two rnaintenance or inspection interruptions. In the present study the fatigue crack growth 
behaviour of thc single crystal alloys CMSX-4 and SC16 was tested in air 3t 750 and IOOOoC for 
two different crack shapes. There were only s1ight difTerences in the fatigue crack growth 
behaviour found between the corner and edge crack geometry. The main difTerences in the crack 
growth behaviour were worked out between the different alloys ('Y' -content) as weil as for the 
different test temperatures. Low temperatures and a high y' content led to a change of the crack 
growth direction along {IOO} type crystal planes 10 {III} type crystal planes. 
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CREEP AND CREEP-FATIGUE BEHA VIOUR 
OF UDIlVIET 720 AT 850°C 
E. CHATEAU, L. REMY 
Centre des Materiaux P.M. Foult, UMR CNRS 7633, 
Ecole Nationale Superleure des Mines de Paris 
BP 87, 91003 EVRY CEDEX, France 
N. DOLET-BERGE, D. FOURNIER 
TURBOMECA, Laboratoire de Metallurgie. DMT NSMR 
BORDES, 64320 BIZANOS, Fronce 
Abstract 
111e object of Ihis study is 10 identify damage mechanisms operating at high 
temperature (850'C) in Udimet 720, a nickel-based superalloy strengthened by i 
NiJAl precipitates. In addition to environmental effecls, thc extension of 
viscoplasticity may result in specific damage mechanisms. such as intergranular 
cavitation. wedge cracking and/or thennal coarsening cf "( particles. Tbc major 
mechanisms have been investigated using tensile smooth specimens, for creep and 
creep-fatigue loadings. The introduction of the' relevant damage parameters in a 
model describing the viscoplastic behaviour of the material is tentatively discussed. 
Keywords : creep, creep~fatigue, nickel~based superalloy, viscoplasticity 
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Fatigue crack growth and tensile deformation ofthe PM superalloy 
N18: microstructural investigations 
s. Neves, HJ. Penkalla, F. Schuber! and 1. Singheiser 
Institute for materials 10 energy systems IWE, Forschungszentrum Jülich GmbH, D-52425 Jülich 
Abstract 
The aim of thc preseot work i5 10 investigate thc correlation betwecn mechanical properties and 
microstructural mechanisms, controlling thc deformation process, by roeans of transmission 
electron microscopy (TEM). The mechanical behaviour of the powder rnctallurgically (PM) 
produced, nickel base superalloy N18 has been examined al 700°C in laboratory air with strain rate 
cootrolled tensile tests al different strain rates and as crack growth tests, carried out as creep-
fatigue tests. Additional crack growth tests have been carried out in vacuum. The microstructure 
was characterized in the undefonned and defonned statcs by means of TEM with the assistance of 
energy dispersive X-ray analysis (EDX) and energy spectroscopic imaging (ES]) to investigate the 
elemental distribution. The alloy exhibited different crack growth rates in vacuum and in air. For 
the tensile tests, viscoelastic or viscoplastic deformation behaviour, depending on the strain rate, 
was observed, with the creation of stacking faults for all deformation velocities and a decreasing 
dislocation density in the primary y' with decreasing strain rate. 
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Creep and Microstructure of near y-TiAI Intermetallics 
A. Dlouhi'. K. Kucharova and T. Horkel 
Institute of Physics of Materials, Academy of Sciences of Ihe Czech Republic, Zizkova 22. 
61662 Brno, Czech Republic 
Abstract 
ereep und microslructure of two near-y TiAI intermetallics are invesligaled and compared. 
Data obtained in tension und comprcssion at tempenllurcs 923-1 lOOK und in the applied 
stress range 50-400MPa are presentcd. A pure y-phase Ti-52al%AI crept at (lOOK is brittle 
allee the applied stress cx:ceeds )50MPa, On Ihe other hand, a two-phase rIal fully lamellar 
Ti-48AI-2Cr-2Nb-IB (in al%) alloy exhibits a remarkablc ductility at considerably lower 
temperatures. A conventional light microscopy, SEM and TEM were used to quantify the 
microstructure of Ihe alloys be fore and after creep. Contrary 10 a grain growth. observed 
during creep of Ti-52at%AI alloy, a grain refinement due to recrystallization was found afler 
creep in Ti·48AI·2Cr-2Nb-IB alloy. The difference in creep behaviour of Ihe investigated 
alloys is auributed 10 a different intensity of disIocation glide, twinning and recrystallization, 
thc microstructural processes wh ich operette in the range of external conditions studied. 
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MICROSTRUCTURES, DEVELOPMENT OF DEFECTS, AND 
CREEP BEHA VIOUR IN A "1-TlAL BASED ALLOY FOR GAS 
TURBINE APPLICATIONS 
D. Lundström, M. Koutson-Wedel and B. Karlsson 
Dept. cf Engineering Metals 
Chalmers University ofTechnology 
SE-412 96 Göteborg. Sweden 
Abstract 
The microstructure cf a y-based two-phase Ti-48A1-2W-O.5Si in different microstructural 
conditions was investigated, before and after creep testing. The creep tests were perfonned in 
air at constant load, and the applied stresses were between 80 and 325 MPa at temperatures 
frorn 700 10 850°C. Materials from creep tesling to rupture reported in an earlier study, c:ts 
weil as inteffilpled at 1 % creep straining reported heee, were investigated. A variation in 
microslructure was found to depend on minor variations in chemical analysis, heat treat-
ments and HIP-ing conditions between different materials. Scanning and transmission 
electron microscopy were used to study the microstructwe and defect structures during creep 
defonnation. 
Keywords: creep cavities, dislocations. microstructure, structural instabilities. titanium 
aluminide 
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MICROSTRUCTURE AND CREEP RESISTANCE 
AT 650-750oC OF THE Ti-47AI-2W-O.5Si CAST ALLOY 
C23 
V.Lupine', W.M.Yin'·2 and M. Maldini' 
'CNR-TEMPE, Via Cozzi 53, 20125 Milan,l1aly 
'Institute ofMetal Research, Chinese Aeademy of Seiences, Shenyang 110015 P.R. China 
Abstract 
Various batehes of the Ti-47 A1-2W-0.5Si casl alloy having small eomposition varialions have 
been examined. The microstructure was fauod to vary with composition strongly, influencing the 
creep resistance. In particular the microstructure depends very crüically on exact composition, 
on the solidificalion path and on lhe heal treatmenl region in the phase diagram. 
Duplex microstructure material, consisting of lamellar a.2/"{ colonies aod globular y 
grains, is mainly described aod seems to provide a good compromise of mechanical properties, 
speeially when solidificalion oceurs through lhe ß phase. When AI eontenl is slightly low, the 
volurne fraction of lamellar colonies increases greatly, improving creep resistance. Silicon 
content also plays an important creep strengthening rote. The explored W content deviation does 
not seem to have a direct predominant influence on creep resistance, while it does affect the 
solidifieation palh. 
FuHy lamellar microstructure. that is the most creep resistant but less ductile at room 
temperature, is also considered. 
Aging al 800°C for more than one month definitely lowered the material ereep resislanee, 
shortened its creep life and coarsened its microstructure, in particular partially degrading the 
lamellar microslruelure of duplex material to equiaxed rand (X,. Aging at 650°C for 1000 h did 
not change the microstructure substantially and did not produce a weakening effect on creep. 
The balch of duplex material conlaining the highesl lamellar mieroslruelure volume 
fraction, has very good creep resistance and should also have a good mix of various high 
temperature meehanical properties. Nevertheless the fully lamellar mierostructure is the most 
creep resistant, but should be taken into consideratioll only when ambient temperature brittle 
behavior is tolerable. 
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HIGH TEMPERA TU RE FA TlGUE BE HA VIOUR OF 1-TiAI BASE 
INTERMETALLIC ALLOY 
G. Onofrio and M. Marchionni 
CNR-TEMPE via Cozz; 53 - 20125 Milano, flaly 
The fatigue behaviour of a new y-TiAI base intermetallic compound with duplex 
microstructure, developed to obtain high creep resistance and good tensile properties, bas been 
studied. Low cycle tittigue (LCF) and fatigue crack propagation (FCP) cast specimens of Ti -48AI -
2W were tested up to a temperature of 800°C with triangular wave shape. The influence of time 
dependent processes on fatigue resistance has been investigated adding a 300 s hold time at 
maximum load in the LCF tests and varying frequency in the 0.1 to 10Hz range in the FCP tests. 
The influence of environment that has been recognised very important, on FCP has been analysed 
through a comparison of crack growlh bebaviour in air and in vacuum. 
The LCF results show a slight reduction of fatigue lire with temperature increasing and a 
marked influence of a 300 seconds bold time in tension at 800°C. Tbe stress response is almost stable 
during the fatigue Iite snd frscture oceurs rapidly in few cycles as soon as crack initiation is present. 
The FCP resulls confirm the small influence of temperature on fatigue crack propagation rate 
(FCPR) up to 800°C with a maximum value at 700°C. The material is strongly alfected by 
environment, as shown by vacuum tests. At 700°C FCPR is sensibly higher in air than in vacuum. A 
beneficial elfect of creep processes at crack tip is observed when frequency is reduced. 
The fracture surfaces of the tested specimens have been thoroughly investigated using 
scanning eleetron microscopy in order to correlate tbe fatigue behaviour to the microstructural 
features and to identify tbe main fracture meehanisms involved. GeneraUy the fa!igue crack starts on 
the external surface and propagates in tran'granular mode without the presence of fatigue striations, 
due to the very low ductility of the alloy. In speeimens tested with hold time some mixed 
intergranular - transgranular crack propagation zones are apparent. 
Keywords: "(-TlAl aluminide, low cycle fatigue, fatigue crack propagation, environment, hold time 
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LOW CYCLE FATIGUE OF THE y-BASED ALLOY 
Ti-48AI-2W-O.5Si 
V. Recina 
" 
L. Remy', M. Marchionni', C. Guardamagna4 
L Materials Technology, Volvo Aero Corporalion, 461 81 Trollhättan, Sweden 
2. Cenlee de Maleriaux. Pierre-Marie Fourt Ecole des Mines de Paris, UMR CNRS 7633, BP.87, 91 003 Evry Cedex. France 
1. CNR-TEMPE, Via Gozzi 53. 20125 Milano. Haly 
4_ ENEUSRI, Via Volta \, 20093 Cologno Manzese (MI), Italy 
Abstract 
Eight batches of lhe r-TiAl alloy Ti-48AI-2W-O.5Si with a slighdy varying composilions have heen examined 
through fuHy reversed low eycle fatigue testing at two temperatures, 600°C and 700°C. The influence ara 300 s 
hold-time in tension at 70QoC has also been investigated. The study has shown a large influence of the 
microstructure on the fatigue properties. A duplex fme grained microstructure has superior properties in 
comparison with a material low in aluminium with a coarse grained nearly lamellar structure. In addition, 
materials with the duplex structure show a much smaller scatter in test results. The results from the two 
temperatures tested are similar, i. e. the effeet of temperature influenee in Ihis range is negligible. No effect of 
hold·time can be seen. The low eycle properties ean be deseribed with the well-known Coffm-Manson equation. 
The strain eontrolled fatigue properties show a strang sensitivity 10 the strain range, an effeet that can be 
attributed to the high Young's modulus and the relativei)' low yield strength of the material which leads to 
inelastie strainmg and fatigue damage already at smaH strain ranges. The duplex material exhibits longer lives 
due to larger isotropie hardening and smaller Bauschinger effect, which lead 10 smaller inelastie strains and 
damage in each cycle. The Scatter in fatigue test resulls is explained b)' the large influence of the microstrUeture 
and the anisotropie properties of the lamellar colonies. Fractography has shown thai initiation often oceurs 
between the lamellas in large lamellar eolonies at the surface of the gauge length. The probability to have a 
lamellar colony with the lamellas oriented perpendicular 10 the loading axis produeing premature failure is 
increased as the content ofthis microconstituent is increased. 
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HIGH TEMPERATURE FATIGUE PROPERTIES AND RELATED 
MICROSTRUCTURES OF GAMMA TiAIINTERMETALLIC 
ALLOYS 
T. Tiainen, V.-T. Kuokkala, A. Hynnä and H.Huang 
Tampere University of Technology, Institute of Materials Science, 
P.O.Box 589, FIN-33101 Tampere, Finland 
Abstract 
Fatigue properties of two gamma TiAI intermetallic alloys (those studied in COST 
5011111 W.P.14 and In COST 513) were measured in push- pull mode fatigue both 
at room temperature and at 700°C using R- ratios of 0 and -1. The fatigue tests 
were carried out either to the fracture of the specimen or to 10' cycles. The micro-
structures of the fatigued sampies were characterized by transmission electron 
microscopy. The results show that the low cycle fatigue strength of the COST 
501/111 alloy is clearly higher at 700°C than at room temperature. At 700 oe the R-
value of -1 yields better low cycte fatigue properties as compared to the R- value of 
O. At higher numbers 01 fatigue cycles at 700 oe the originally strongly twinned 
microstructure of COST 513 alloy is replaced by a highly dislocated microstructure 
without twins. The high temperature fatigue deformation seemed, however, to a 
certain extent to stabilize the twins in the microstructure. 
Keywords: gamma titanium aluminides, high temperature fatigue, fatigue 
deformation, TEM microscopy 
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CREEP AND LOW CYCLE FATIGUE BEHAVIOUR OF A 
Y - TiAI FOR GAS TURBINE APPLICATION 
P. Bianchi, P. Bontempi, C. Guardamagna, R. Mariani 
ENEUSRI,Via Reggio Emilia 39, I - 20090 Segrate (MI), Italy 
Abstract 
C27 
Intennetallic compounds based on titanium and aluminium, characterized by low weight, seem 
to be candidate for medium tenn applications in high temperature components for land-based 
gas turbines, in particular for last stage blading, where the service temperature does not exceed 
750°C. In this temperature range the titanium aluminides show a high specific creep strength, 
a quite high low cycle fatigue life and a good oxidation and corrosion resistance, whereas the 
lack of low temperature ductility and toughness has represented their main problem. 
In the frame ofthe CaST 5011R.IlI WP14 "Advanced Materials for Gas Turbines" Subgroup 
1 "Intermetallics for GT Application" programme, an extensive experimental activity has been 
perforrned with the aim of evalu.ting the y-TiAl in view of a possible application in I.st stage 
blading gas turbine. 
In particular, the mechanical behaviour, in tenn of creep and low cycle fatigue resistance, h.s 
been evaluated on different delivery materials: isothennal creep rupture tests at 700°C, with 
duration between 200 and 4000 h, and low cycle fatigue testing at 600 and 700°C have been 
carried out. Microstructural investigations on the as received aod tested materials have been 
perforrned. 
The obtained results allow to draw the following remarks. 
It has been observed an increase in the creep resistance for the duplex structure material with 
respect to the nearly lamellar one; in particular the last delivery material, with finer grain size, 
presented the best compromise between the creep strength and the rupture ductility. Moreover 
the density corrected strength of the TiAl seems to be comp.rable, if not better, to the creep 
resistance ofIN738LC from literature. 
Also the low cycle fatigue resistance resu!ted increased for the duplex material, even if a 
considerable scatter, probably due to differences in composition aod microstructure, was 
present. The observed cyeling hardening effect, coupled with the brittle crack propagation, was 
typical ofthe materials susceptible to crack initiation. 
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INFLUENCE OF STATE OF STRESS ON 
CREEPIFATIGUE FAlLURE OFy-TITANIUM 
ALUMINIDE TURBINE BLADE MATERIAL 
K.M. Nikbin and G. A. Websler 
Mechanical Engineering 
Imperial College 
London SW7 2BX 
Abstract 
This investigation formed part of the COST 501/Hl WP14 programme, to examine the 
mechanisms of 'creep/fatigue failure of y-titanium aluminide' to evaluate the material for 
possible use in future turbine blade applications. The main objectives of the paper is to 
detennine the influence ofstate ofstress on the creep-fatigue faHure characteristics ofy-titanium 
alurninide at 700°C. FouT batches of the material were tested aod a comprehensive testing 
programme by a numher of laborotories was undertaken. The work involved mechanical testing 
aod numerical analysis. In order to evaluate the effects cf state of stress experiments were 
conducted on notched and un-notched tensile bars and crack gcowth testing of compaet tension 
speeimens of the y-titanium aluminide at 700 ·C. New techniques were developed to measure 
accurately the diametral strains at 700 ·e over long periods. Subsequently metallographie 
examination was carried out on failed speeimens. Secondly elasto-plastie-creep finite element 
analysis was perFormed on the notched bars with the different notch root radii to determine the 
state of stress in the notch root region. In addition the modelling the formation of damage and 
incorporntion into the prediction offailure under Creep and Crecp-Fatigue was performed for the 
notched bars. 
Keywords: Gamma-Titanium, multiaxial stress,creep,fatigue 
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The Effect of Noble Element Additions on the Oxidation Resistance 
of y-TiAI Based AIloys 
v. Shemet, H. Hoven, P. Lersch, L. Singheiser, WJ. Quadakkers 
ForschungszentrumJülich GmbH, 0-52425, Germany 
Abstract 
Tbe effeel of smaD additions of Ag and Au on tbe high lemperature oxidation of l-TiAl based 
aDoys has bcen investigaled al 800'C in air by optical metaUography, XRD and SEM/EDX 
The results showed that Ag and Au additions lead 10 a significant reduction in the oxidation 
rale of l-TiAl. Tbe AU-<Xll1taining aDoys formed mixed AJ,O,ffiO, scales while the Ag-
containing aDoys formed 0 !hin, protective AJ,O, !ayer. The AJ·depletion zooe beneath this 
AJ,O J scale consisted of 0 single Z-phase layer which was doped with Ag. Beneath the mixed 
scale on the Au containing alloys a thin layer consisting of Z-phase as well as TizAlN and 
TiN precipitates was present. The excellent oxidation resistance of the l-TiAl(Ag) oDoys is 
beüeved to be due to stabilisation of the Z-phase by Ag and absence of Ti2A1N precipitatc:s in 
the sub scale Al-depletion zone. 
Keywords: "(-TiN, intermetalJics, high temperarure oxidation, Z-phase. 
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EARLY STAGES OF HIGH TEMPERATUREOXIDATION OF 
y-TiAI ALLOYS: INFLUENCE OF WAND Si ADDITION 
A.Tomasi*, S.Gialanella**, V. Micheli* and M. Nazmy*** 
* Istituto di Ricerca Scientifica e Tecnologic8, 38050 Povo, Trento, Italy 
**Dipartimento di Ingegneria dei Materiali, Univ. di Trento, 38050 Trento. Italy 
*** ABB Power Generation Ltd, Dept. KWTM.D, eH 5401, Baden, Switzerland 
Abstract 
In lhis study the results of the isothermal oxidation behaviour in air and over the 
temperature range 700·850°C of y-TiAI bulk alloys with additions of W (0-9.5 wt.%) and 
Si (0-0.4 wt.%) are reported. The specimens were prepared using an arc-melting 
apparatus starting from pure element powders (99.99%). The sampies were tested using a 
thermo gravimetrie analysis in order to evaluate the oxidation kinelics. The 
microstructure and adherence of the protective scale to alloy substrate were investigated 
using Scanning Electron Microscopy (SEM), X-Ray Diffraction (XRD) and Auger 
Eleclron Spctroscopy (AES). In all investigated alloys the oxidation rates show the 
beneficial effect of the Wand Si additions. The results of the study are used for a critical 
nssessment of the oxidation mechanism and to suggest n possible approach for 
improving the senle adherence. 
Keywords: Titanium aluminides, Oxidation. High Temperature Materials. 
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THE BEHAVIOUR OF PVD SIALN-TYPE COATINGS 
DEPOSITED ON y-TiAL 
E. Lugscheider*, C. W. Siry*, S R J Saunders** 
C31 
*RWTH Aachen University ofTechnology, Materials Science Institute I Werkstoffwissenschaften, 
Templergraben 55, D-52056 Aachen, Germany 
**National Physical Laboratory, Queens Road, Teddinglon. Middlesex, TW 11 OLW, UK 
Abstract 
SiAIN-type coalings up 10 10 ~m in thickness were deposited by magnetron sputter ion 
plating (MSIP) on two y-TiAI alloys Ti, 47AI, 2W, O.5Si at-% and Ti, 47AI, 2Nb. 2Mn 
at%, 0.8% TiB2 ). Coating parameters were optimised "sing reactive d.c. sputtering from 
a SiAl target in a nitrogen or methane alrnosphere. The properties of the coalings were 
detennined using X-ray diffraclion, hardness, modulus, scratch, indentation and ductile 
brittle transition temperalure measurements. High temperalure X-ray measurernenls 
suggested that the coatings remained amorphous up to about 950°C. Scratch and 
RockweIl indentation tests indicated thai the had inferior adhesion to MCrAIY overlay 
coatings, whiles ductile brittle transition temperatures were comparable with olher 
overlay systems. Oxidation testing for 3300 h at 800°C in air showed that des pi te 
cracking during the initial thermal cycles significant protection was conferred to the y-
TiAI; evidently healing of the cracks occurred. Interaction with the substrate was slight 
after the long-tenn exposure at 8000C with some silicon interdiffusion. 
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The effect ofthermo-mechanical processing and heat treatment 
on the microstructure and mechanical properties 
of orthorhombic alloys 
A. Partridge, J.J. Colvin and M.R. Winstone 
Structural Materials Centre, DERA, Farnborough, Hampshire, UK 
Abstract 
The effects of thermo-mcchanical processing and heat treatment on the microstructure and 
mechanical properties of a Mo hearing orthorhombic alloy has been evaluated. This study has 
shown that tensile strengths in excess of 1000MPa combined with plastic elongations >2% 
can be achieved by a three step ageing treatment. This three stcp ageing treatment is 
associated wilh an increasing volume fraction of orthorhombic phase. Significant changes in 
elastic modulus were also observed following the different heat treatments. Crcep testing of 
the alloy showed that all the sampies studied failed at strains <3.5%. This was attributed to 
the large grain size observed in the forged matedal. Creep testing of (he ß+ heat treated 
specimen demonstrated that the re-solutioning of the alpha-2 precipitates leads to higher 
secondary creep rates and shorter creep lives. 
Keywords: Orthorhombic, processing, microstructure, mechanical properties. 
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CREEP BEHA VIOUR OF DIRECTIONALL Y SOLIDIFIED 
Ni3AI-BASED ALLOY 
J. Lapin 
Institute of Materials and Machine Mechanics. Slovak Academy of Sciences. Racianska 75. 
PO Box 95, 830 08 Bratislava, Slovak Republic 
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Creep behaviour of directionally solidified (OS) Ni,Al-based alloy with chemieal composition 
Ni-IO.6AI-8.3Cr-2.6Fe (wt.%) was investigated. The creep specimens were prepared by 
directional solidification in a modified Bridgman-type apparatus at a constant growth rate of 
V = 4.17 l'm1s and constant temperature gradient at the solid-liquid interface of GL = 15 KImm 
under argon atmosphcrc. Before the creep tests the specimens were annealed for 100 h at 90aDe 
in air. Constant stress creep tests were pcrformed at the tcmperature range 777 to 877°C under 
tensile stresses ranging from 150 to 350 MPa in air. In addition, stress reduction experiments 
were conducted to study transient creep behaviour of the alloy. 
Thc microstructure of DS alloy consisted of multiple eutectic grains. Within each grain, weil 
aligned and equally spaced lamellae were observed. TEM and EOS observations revealed that the 
lamellae were composed of B2 type intermetallic compound NiAI(Cr, Fe) (ß-phase), some LI, 
type marlensite (ß'-phase) and b.c.c. type spherical ,,-Cr precipitates. The matrix was composed 
of LI, type intermetallic compound Ni,Al(Cr, Fe) (y'-phase), f.c.c. type Ni-based disordered solid 
solution (y-phase) and fine lath-shaped <X-Cr precipitates. Ouring annealing in the temperature 
range from 750 10 900·C the as-grown lamellar y/'(-ß structure transformed to y/'(-<x structure. 
This transfonnation was connected with an extensive precipitation of (X-Cr particles. The 
microstructure of the creep specimens annealed before creep test at 9000 e for 100 h consisted of 
the ordered y'-matrix, lath-shaped <X-Cr precipitates and small amount of disordered y-phase. The 
lath-shaped <X-Cr precipitates were uniformly distributed within the bands. 
The creep curves exhibited short inverse primary creep stage. The steady-state creep stage was 
achieved at a creep strain of about 1 % and extended up to a creep strain of about 10%. During the 
primary creep stage the creep rate first decreased with increasing creep strain. After reaching 
aminimum, the creep rate increased up to its steady state value. During tertiary creep stage the 
creep rate continuously increased up to a creep fracture. After a stress reduction the instantaneous 
creep rate was higher than the steady-state creep rate corresponding to the reduced stress. 
The steady-state creep rate was found to depend on the applied stress and temperature. The power 
law stress exponent for steady state creep was measured to be n = 4.1 ± O.l and the apparent 
aclivalion energy for creep was calculated to be Q, = 316 ± 9 kJ/mo!. The activation energy for 
creep is comparable with the aclivation energy for lattice diffusion of Ni in Ni,Al (305 kJ/mol). 
The kinetics of the steady-state creep defonnation within the studied temperature range was 
govemed by the diffusion controlIed dislocation climb over the ,,-Cr precipitates. 
During the tertiary creep stage the creep specimens underwent extensive plastic deformation 
before fractme. The total elongation and reduction of area were function of applied stress and 
temperature and varied from 22 to 75 % and 20 to 50 %, respectively. The tertiary creep was 
accompanied with multiple necking in the gauge region. The necking was associated with an 
extensive formalion of large slip bands and growth of large voids. Slip band formation followed 
by the growth and coalescence of voids along the slip bands and cavities at the columnar grain 
boundaries led to ductile fracture of the creep specirnens. 
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A New Generation FeAI Alloy with Advanced Properties 
F. MORET, R. BACCINO, S. REVOL 
CEA/CEREM·DEM/Service de Genie des Materiaux 
CEA/Grcnoble - 38054 GRENOBLE Cedex 9 - FRANCE 
Ordered FeAI intemtctallics are attractivc materials for medium and high tcmpcraturc industrial 
applicatiol1S hut their use have beeil restricted until oow by their room temperaturc brittlcness and their 
poor ereep resistancc. Powder metallurgy tcclmiques have been uscd to dcvclop a mechanically alloycd 
FeAI allo)'_ named FeAI40 Grade 3, with cnhanced ductility and strength at bolh low and high 
temperatures. Thc improvement method combines ductilization by grain boundary strcngthcnmg, gram 
size reduction and oxide dispersion strengthening, Thc optimizatioll of the elaboration proccss has 100 to 
a material with significant RT ductility (8%), excellellt f..'ltiguc strength and improved crcep reslstancc. 
At roOIn temperaturc, yield strength is as high as 900 MPa and rupture strength rcaches 1150 MPa. 
Specific stiffncss is higher than that of most convcntional engineering alloys including stccls. 
slIpcrallo)'s. alulllinum and titanium based allo)'s. Spccific slrength is equal to that of conventional 
titanium based allo)'s. In addition, the FeAl allo)' has exccllent corrosion resistance to oxidizing. 
sulfurizing and carburizing environments up to 1000°C. Potential applications in acronautical and 
automotive industries concem the substitution of steels and nickel base alloys for the fabrication of high 
speed rotating or moving parts, such as shafts or valves. 
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THERMAL FA TIGUE BERA VIOUR OF THE COMBUSTOR 
ALLOYS IN 617* AND HA YNES 230 
N. Kasik L, F. i\kyer-OLbersLeben2, F. Rezai-Ari.3, M. BLümm4 and B. lLschner5 
1 ABB Power Generation Ltd, Baden, Switzerland 
2 Fraunhofer-lnstitute for AppLied Materials Research, Dresden, Germany 
3 Ecole des Mines d' Albi-Carmaux. Fronee 
~ now with MTU-Maintenance. Hannover, Germany 
5 Federal Institute of TechnoLogy Lausanne, Switzerlund 
Abstract 
Thc effecl of thermal fatigue (TF) on the life time of the common materials for combuslOr 
pans, lN 6 L 7 and Haynes 230. has heen tested. using single wedge specimens. Their leading 
edge was heated by induction and cooled by pressurized air between 100"C ilnd 850, 950 
und 1050"C, respectively. Under compamble temperature cyeles und thermal gradients 
Haynes 230 showed a higher TF strength than IN 617. It is proposed th,lt this advantage of 
Haynes 230 is primarily related to a sUghtly lower value of th.;: rel.;:vant combinalion of 
prop~nies (coefficient of thennal expansion, modllius of elasticity, thennal conduclivity. 
ultimate suength at maximal operating temperarure). while details of crack initiation "and 
propagation also play an imponant role. 
Sl!vere embrittlement or IN 617 in the turbine opemting condition reduced the TF life 
significamly. whereas aging in the laboratory furnace reduced the TF life in both alloys, 
only marginally. 
Keywords: combustor. thermal fatigue, embrittlement 
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INFLUENCE OF THE MINIMUM CYCLE TEMPERATURE ON 
THE THERMAL-MECHANICAL FATIGUE BEHAVIOUR OF 
NICR22C012M09 
B. Kleinpaß", K.-H. Lang", D. Löhe* and E. Macherauch' 
*Institut fur Werkstoffkundc I, Universität Karlsruhe (TH) 
Postfach 6980, D-76128 Karlsruhe 
"Linde GmbH, Seitner Str. 70, D-82049 Höllriegelskreuth 
Abstract 
In components operating at high temperatures thermal and mechanicalloadings are induced due to 
start-ups, load changes and shut downs. Transient temperature fields in these operating phases 
produce complex stress and strain fields which may cause fatigue damages and therefore may be 
responsible for the failure ofthe entire system. Typical examples for this are gas turbines. Most of 
their components are subjected to combined thermal-mechanicalloading. The combustion chamber, 
which is one ofthe highest loaded component ofa gas turbine, is cornrnonly made ofthe nickel base 
superalloyNiCr22Col2M09 (IN 617, Nicrofer 5020 Co). In the present study, the materials reaction 
and the rnicrostructural changes due to thermal-mechanical faligue with T mu ~ 1123 K and different 
Tm are invesligated under total strain contral and compared to its isothennal total strain controlled 
fatigue behaviour at the maximum cyele temperature. 
In the realized thermal-mechanical fatigue tests high dislocation and carbide densities are generated 
and the material shows cyelic hardening. On the other hand isothermal fatigue at the maximum cycle 
temperature causes a slight cyelic softening. Under thermal-mechanicalloading the developement of 
the fatigue damage depends on the phase relation between temperature and mechanicalloading. In-
phase loading causes tensile stresses al high temperatures whereas out-of-phase loading induces 
compressive stresses at high temperatures. Therefore, especially at lower T min. in in-phase tests more 
inlergranular damage is produced than in out-of-phase tests and the fatigue Iife is shorter. At T min ~ 
473 K the Iifetime ofan in-phase thermal-mechanicalloaded specimen is even lower than that one of 
an isothermal with the same total mechanical strain amplitude at the maximum cycle temperature 
loaded specimen. This proofs how important it is to choose a suhable minimal temperature to 
perform thermal-mechanical fatigue tests. 
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TRACE OF THE EVOLUTION OF NICKEL-BASED 
SUPERALLOYS 
BY THE d-ELECTRONS CONCEPT 
Y. Muratal), M. Morinagall and R. Hashizume21 
I) Department of Materials Science and Engineering, Graduale School of Engineering, 
Nagoya University, 
Furo-cho, Chikusa-ku, Nagoya 464-8603, JAPAN 
2) Materials Research Seetion, Technical Research Center, 
The Kansai ElecLric PowerCompany Iße .. 
11-20 Nakoji 3-chome, Amagasaki 661-0974, JAPAN 
Abstract 
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A variety of nickel-based superaBoys have been developed for structural applications in 
high-temperature and corrosive environments. Their chemical compositions have been 
optimized so as to get superior physical and chemical properties and also to follow Ihe 
progress in the manufacturing process, such as conventional casting, directionally solidification 
and single crystal growth. 
We have been developing a d-electrons concept for the theoretical design of nickel-
based superaBoys. This concept is based on DV-Xa molecular orbilal calculations of the 
electronic structures of Ni altoys. In this concept two electronic parameters are utilized for 
treating the alloying behaviour in a quantitative way. One is the bond order, Bo, between the 
alloying element and Ihe nickel atom, and the other is the d-orbital energy level, Md, of the 
alloying element. Both of these parameters change periodically with Ihe position of the 
elements in the periodic table. In other words, the knowledge of the periodic lable of the 
elements (e.g., electronegativity, atomic size and chemical bond strength) is weil condensed 
in these two electronic parameters. The compositional average of these parameters are 
defined as BO and l'ifö. 
The purposes of Ihis study are to show the evolution process of superallOYS by using 
Ihese parameters and to present a guide map for Ihe future alloy design and development. In 
the BO-lI'Iä map, a third general ion superaBoy, Rene N6, is located near the second generation 
superaBoys such as PWA1484, Rene N5 and CMSX-4. Compared to these alloys, the first 
generation superalloys including CMSX-llB and -llC, are located in the higherBO and 
higher lI'Iä region. Thus, the evolution of nickel-based superaBoys so far developed in the 
world are traceable readily using these two electronic parameters. 
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CRSS-ANISOTROPY AND TENSION-COMPRESSION 
ASYMMETRY OF A NICKEL-BASE SUPERALLOY 
D. Bettge, T.Möser, W. Oster!e 
Federal Institute for Materials Research and 'reBling (BAM) 
Unter den Eichen 87, 12205 Derlin, Gerrnany 
Abstract 
The mechanical behaviour of the chromium-rich monocrystallinc nickel-base super-
alloy SC16 was analysed on the basis of slip systems and dislocation structures. 
Tensile and compression tests were performed at astrain rate of 10-3 5-1 in the 
temperature range 650 oe - 850 oe with five orientations distributed evenly aver thc 
stereographic standard triangle. The critical resolved shear stress (CRSS) on thc 
primary octahedral sUp system varicd systematically with crystal orientatioll, sug-
gesting that Schmid's law is not valid in jt's original form. An extended Schmid law 
was applied, enabling thc description of CRSS-anisotropy and tension-compression 
asymmetry. 
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ESTIMATION OF CREEP RUPTURE STRENGTH 
IN NICKEL BASE SUPERALLOYS 
H.Fujii, D.J.C.MacKay', H.K.D.H.Bhadeshia', H.Harada" and K.Nogi 
Joining and Wehling Research Institute, Osaka University, 
11-1 Mibogaoka, Ibaraki, Osaka 567-0047, Iapan 
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'Darwin College, Mathematics and Physica1, Seiences Group, Silver Street, University of Cambridge, 
Cambridge CB3 9EU, UK 
"National Research Institute for Metals, 1-2-1 Sengen, Tsukuba, 305-0047, Japan 
Abstract 
Tbe ereep rupture life of nickel base superalloys has been rnodelled using a neural network 
model within a Bayesian framework. A 'committee' model was also introduced to increase the 
aeeuracy of the predietions. Tbe rupture life was modelIed as a function of 42 variables, 
including temperature, chemica1 composition: Cr, Co, C, Si. Mn, P, S, Mo, Cu, Ti, Al, B, N, 
Nb, Ta, Zr, Fe, W, V, Hf, Re, Mg, TbO" La, four steps ofheat treatment (eaeh eharacterised 
by temperarure, duration and cooling rate), sampie shape, solidification method. The Bayesian 
method puts eeror bars on the pred.icted value oftbe rupture strengtb and allows the significance 
of each individual factar to be estimated. The magnitude of the errar bar can very with the 
loeation in the input space, depending on the perceived level of Doise in the data and on the errer 
in fitting data. lbis enables the model to be used with greater confidence. 
Keywords : creep rupture strength. neural network, Bayesian inference, nickel-base supera1loys 
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LIFE ASSESSMENT TECHNIQUES FOR 
GAS TURBINE HOT-SECTION COMPONENTS 
Y. Yoshioka, D. Saito, K. Fujiyama .nd H. Kashiwaya 
Power & Induslrial Systems R&D Center, Toshiba Corporation 
2-4 Suehiro-cho, Tsurumi-ku, Yokohama, 230-0045, Japan 
Abstract 
To cxtend the componenls life and inspection intervals, life assessment program of hol 
seetion componenls in gas turbines has slarted internally sißce 1986. The first step was 10 
cvaluate Ihe conditions of aclual componenls at the periodic inspections nondestructively 
and deslruclively and then 10 determine the life-Iimited faelors in each component. 
According 10 Ihe results, we developed Iheee kinds of lechnologies, which are 
melallurgical assessmenl 10 evaluale the material degradation from microslruclure changes, 
damage assessmenL Lo evaluaLe trends of the cracking, wear and deflection during 
operations, and simulation analyses to predict the components conditions in the differenL 
operating modes. Those techniques are now still under development for each componenL, 
such as combustion liners, transition pieces, buckeLs, and nozzles, and some of Lhe 
methods developed are now being applied La assess the acLual components life. 
145 C41 
Large scale numerical simulation of particle 
in elastically stressed solids 
coarsenlng 
l'Iorio Akaiwa', allel p, W, Yoorhees2 
1 j\ational RfselIrch Institute JOI' l\{efa/s. 1-:1-1 8f "9(. 11 , TSlIblba 305, Japan 
2 lJepadmcni oJ ,\Ia/erials Science, Norlhwcsfern l"lIillersily, Evansloll. IL 60208, U.S.A. 
Abstract 
Larg€' seale numcriral simulations of particle coarscning in an clasticall~' anisotropie 
fiysteJn are performed. \-\fe model Ni based superallo)'s where the sccond phase partides 
ha\'(> the laUice canstant different (rom that of the matrix. 1'hc ex('('ss energy of the 
system is gi\'en by a sum of the interfaciaL an<! elastic energies. The interfac('s mOve by 
the Ho\\.' of mass through the matrix in order 10 reduce thE' exc{'ss e!lerg)', 'VI:' ('mploy 
\'E'ry efficiellt computational methods which enabll:' 115 10 usc ver,\' large systems. The 
simulations are started using circular particles randomly plan'cl in a computational eell. 
The partich~s change their shapes from cirdes to four-rold s~'lllmetric shapes to two-
fold symmetrie shapes during coarsening. In addition, the panicles tend to align along 
< 100> directions due to the configurational forces gen('rateu b,\' other particles. 
Keywords: microstructuraI e\'olution, diffusion. elasticily. 
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MICROSTRUCTURALLY BASED DETERMINATION 
OF THE LOCALLY ACTING SERVICE TEMPERATURE 
AND STRESS IN A TURBINE BLADE 
AFTER SERVICE 
B. v. Gl'ossmann, H. Biermann, H. Mughrabi 
Universität Erlangen-Nürnberg, 
Institut für Werkstoffwissenschaften, Lehrstuhl I, Martensstr. 5, 
D-91058 Erlangen, Fed. Rep. Germany 
Abstract 
During service of a turbine blaue the microstructure of the nickel-base superalloys 
transforms into a plate-like raft structure, which is well-known from tensile creep tests. 
In addition, anisotropie changes of the lattice parameters (a')' and al') of the phases 
fand " and of the lattice misfit 0 are found. Quantitative evaluation of dislocation 
networks on the 'Y /'r' - interfaces by transmission electron microscopy (TEM) and the 
analysis of X-ray peak profiles are used for thc characterization of the Ioeal valucs of 15 
at critical sites of the blade. It ean be shown that these values are characteristic für a 
givell deformation temperature and the deformation stress. A comparison of thc data 
obtained from the turbine blade with thc evaluated Jattice misfits from a set of tensile 
crecp tests permits a rctrospective evaluation of the directions and thc magnitudes of 
the stresses and the temperatures that had prevailed locally. 
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Life Extension of Superalloy Disks by Prevention of Stress 
AcceIerated Grain Boundary Oxidation 
s. Müller and 1. Rösler 
Technische Universität Braunschweig, Institut fiir Werkstoffe, 
D-38106 Braunschweig, Gerrnany 
Abstract 
The elevated temperature crack growth resislance of Ni-base disk is of importance for 
gas turbine applications and prospective ultra high temperature steam turbine processes. 
Wrought Ni·base superalloys such as INCONEL 706 and INCONEL 718 are currently 
limited to service temperatures of about 600°C_650°C partly because stress accelerated 
grain boundary oxidation (SAGBO) causes exceedingly high crack propagation rates at 
elevated temperatures. In the past, allumber of techniques such as heat treatment 
modification [1], grain coarsening [2] or manufacturing of dual alloy disks [3] have been 
established to counter this effeet. Unfortunately, these teehniques adversely affeet other 
important properties such as yield strength, sonic inspectability or manufacturing costs. 
Reeently, an alternative approach has been developed [4,5] which utilizes a boron 
concentration gradient to protect the eomponent surface against environrnental 
embrittlement. In this paper the effeet ofthis treatment on static and cyclic properties is 
discussed. It is shown that significant life extension at elevated temperatures is attained 
due to this novel approach. 
Keywords: Boronizing, Wrought Alloys, Inconel 706, SAGBO 
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INTEGRITY ASSESSMENT OF I1VOF HErAIRED INDUSTRIAL 
GAS TURBINE" ANES 
P. Bianchi', F. Cernuschi'. L. Ferravantc2, P. Scard? and S. Setti3 
I ENEL, Strultura RicCrc.1. Polo DiOlgllostica c M~tcri.:llj. Vi~ RlIbauino, 54 20134 Milano Italia 
2 eISE S.p.A.Via Rcggio Emilia, 39 200 t)O Segr:ltc (Milano) IIOIlia 
J Dipartimcnto di Ingcgncria dei M:ltcri:1li, Univcrsil:l. di Tn:nlo 3X050 Mcsi.UlO (TN) Italia 
Abstract 
High Velocity Oxi Flic! (HVOF) \\'as lIscd as a rcp:JfJtion trclllliquc far test samplcs of Co-base 
alloy typically uscd for gns turbine hot path comI1011l'1115. Phase cOlllpositioll and surface 
residual stress wcrc studicd by X-ray DifTraclioll, \\lu:rC:1S iulcrfacc adhcsion dcfects wcre 
imagcd as 'hot spots' by Video Pulscd Thcrmogr'1p!I)'. Thc X-rOlY Rcsidu;1! Stress Analysis gave 
a direct evidencc of Ihc cffcctivcncss of a post-deposition hc~t Irc..1lmcllt in rclicving the surface 
tensile stress produccd during the HVOF spmying. 
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FRECKLE FORMATION IN LARGE SUPERALLOY 
SINGLE CRYSTAL AIRFOIL CASTINGS 
P. Auburtin, s. L. Cockcroft, A. Mitchell 
Metals and Materials Engineering, University ofBritish Columbia 
Vancouver, CANADA 
Abstract 
Freckles are presently one of the main defects encountered in advanced 
casting technology of superalloys. Thc evaluation of a numerical criterion able to 
provide quantitative insight on freckling conditions is now recognized as a major key 
toward the successful manufacture of large SX castings. Thc Rayleigh criterion seems 
best adapted to freckling prediction but cannot currenUy explain why freckles form 
only at the surface of SX castings. It is suggested that the angle of the solidification 
front plays a critical role on freckle formation. An experimental Bridgman-type 
furnace was built in order to directionally solidify freckle-prone superalloys 
(Waspaloy and Mar-M247) at various angles to the vertical direction, under typical 
industrial conditions (5<G<40'C/cm and I<R<6mmlmin). Evaluation of the 
solidification conditions was done by numerical modeling. A "modified Rayleigh 
criterion" is suggested and is shown to dcscribe more accurately the effect of the 
casting conditions and growth front angle on freckling. 
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Advanced Repair Techniques for Modern Industrial 
Gas Turbines 
J.Stoiber\ R.Baumann' 
1) Alliance Center for Teelmology, Ismaning, Germany 
2) ABB Power Generation, Materials Technology, Baden, Switzerland 
Abstract 
Improved wclding and brazing processes have been applied to the repair of industrial gas 
turbine bladings. Blade lip repair by TIG welding al elevaled temperatures (SWIP® peocess) 
shows that even the new generation of cast superalloys such as directionally solidified (OS) 
and single crystalline (SC) a1loys can be welded without crack formation in the heal affected 
zone (HAZ). Thermochemical cleaning and subsequent diffusion brazing has been evaluated 
far the crack repair of conventionally cast vanes as well as for TMF specimens cast in DS and 
SC alloys. The results show that after optimizing the brazing process, hath the microstructural 
and mechanica1 properties ofbrazedjoints meet the material requirements. 
Keywords: Repair, Welding, Brazing, Directiooally Solidified aod Single Crystalline A1loys 
1 Introduction 
Modem industrial gas turbine bladings have 10 withstand higher gas temperatures (T > 1400°C) 
due to the increasing thennal efficiencies (up to 60% in combined cyele). This requirement has 
been met by introducing improved cooling techniques tagether with thermal barrier coatings and 
new blade materials such as directionally solidified (OS) and single crystal (SX) alloys. However, 
the additional requests for low maintenance costs and guaranteed materialIife times have become 
critical issues, since most cf the currently used reconditioning and repair techniques can not be 
applied to the new types of bladings. The increasing complexity of their shapes (thin wall seClions, 
large number of cooling holes) and the difficulty to repair DS and SX alloys require the 
irnplementation of advanced repair processes. 
Since improved welding and brazing processes have already been established in the aerospace 
maintenance business, it has become an increasing intefest to transfer such techniques to tbe repair 
cf industrial gas turbine components. Different attempts have heen made in order to avercome the 
craeking problem during welding; either a controlled and limited heat input is used (e.g. by laser 
beam welding, eleetron beam welding and microplasma welding [I]), or, the workpiece i, 
preheated during TIG welding in order to reduce continuously stresses that arise during welding 
[2]. In arecent work, epitaxiallaser metal fonning has been presented as a potential technique for 
single crystal cepair [3]. Brazing which is an important cepair process for turbine vanes, has been 
significantly irnproved in terms cf crack repair due to more efficient cleaning procedures and 
optimized brazing cycles. Acceptable ductility ofthe brazedjoints has been achieved [4]. 
In this paper, the evaluation of lwO improved cepair processes, Le. the blade tip cepair by TIG 
welding at elevated temperatures and the crack repair by thennochemical eleaning followed by high 
temperature brazing, is presented. Both techniques have been applied to the cepair of different 
blading materials (IN738LC, DS CM247LC, CMSX-4). In the course of process eertification, 
metallurgical investigations as weil as mechanical testings were undertaken. 
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Single Crystal Turbine Components Repaired by Epitaxial Laser 
Metal Forming 
M. Gäumanni, H. Ruslerholz2, R. Baumann3, J.-D. Wagniere l and W. Kurz l 
1) Swiss Federal Institute cf Technology. Lausanne, Switzerland 
2) Sulzer-Innotec AG, Winterthur, Switzerland 
3) ABB-Kraftwerke AG, Baden, Switzerland 
Abstract 
Epitaxial laser metal forming (E-LMP) is presenled as a new technique to repair imd 
reshape single crystal gas turbine components. E-LMF consists cf impinging a jet of 
metallic powder onto a mchen pool formed by controlled laser heating. Laser surface 
treatment has the advantage that heat input is very localized, Ihus leading 10 targe 
lemperalure gradients (typically around 106 Klm). This is used, in unison with closely 
controlled solidification velocities, 10 slabilize the columnar dendritic growth, thereby 
avoiding the nucleation and growth of equiaxed grains in the laser c1ad. E-LMF, 
therefore, is an ideal technique to deposit single crystal laser clads by epitaxial growth 
onto a single crysta!. The microstructure is analyzed by indexing the electron 
backscauered diffraction patterns (EBSD). Applications of E-LMF to turbine blade 
reshaping is presented. 
Keywords: Repair, Laser Cladding, Single Crystal Turbine Blade, Epitaxy 
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EFFECT OF Ti ADDITIONS ON ISOTHERMAL AND CYCLIC 
OXIDATION OF NiCrAIY COATING ALLOYS FOR GAS 
TURBINE APPLICATION 
D. elernens, V.R. Vosberg, F. Tie!z, WJ. Quadakkers, L. Singheiser 
Forschungszentrum Jülich GmbH, Institute for Materials in Energy Systems (IWE-l), 
D-52425 Jülich, Gennany 
Abstract 
Model alloys wirh compositions (Ni-20Cr-IOAI·0.4Y) similar 10 commercial caating compositions 
were investigated with respecl 10 the quest ion whether and how Ti additions up to 2% affect the 
protective properlies of the alumina surface seale. The isothermal and cyc1ic oxidation tests were 
carried out in air and Ar/O l . The specimens were examined by optical melallography, SEMlEDX, 
TEM, SNMS and dilatometry. It was faund that Ti slrongly affects the alloy phase composition and 
microstructure falher (han changing the growth mechanisms of the oxide scale. The resuhing change 
in alloy thermal expansion coefficient by the presence of Ti appeared to have a significant effect on 
alumina scale adherence 
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Annealing of NiCr- and Ni-superalloy interfaces 
J. Krejel, J. Svejcar, J. Krejeova, O.i\mbroz, D. Janova, K. Jifikovsky 
Institute of Material Engineering. Faculty of Mechanical Engineering, TU oF Brno, Technicka 2. 
616 69 Bmo, Czech Repub1ic 
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Specimcns were prepared by atmospheric plasma spraying. Two types of coating werc used, 
namely pure Ni and Ni20Cr; substrates were Ni based superalloys single crystals SC 16 and 
CMSX-4. The structure of specimens annealed at temperatures 850 - 1050 'C was evaluated using 
optieat metallography, microhardness measurement, scanning electron microscopy aod EDS 
microanalysis. 
The results show that substantial changes of slructure take place in the substrate region adjacent to 
thc coating. The extent of the region affected by diffusion between coating and substrate depends 
on the anncaling temperature and time, aod also on the coating and substrate composition. 
Thc flCst structure rnodifications involve gradual dissolution of ordered NbAl phase and 
simultaneous coarsening of remaining NbAI particles (their elongation in direction perpendicular 
to lhe interface). Aluminium and titanium (if present) released by lhis process diffuse toward lhe 
coating or free surface. Ti is moving faster than AI. At lower temperatures, no significant amount 
of oxygen was found in AI and Ti rich layer. The specimens annealed with Ti chips were infiltrated 
from free surface by Ti. 
At 1050 'C, both coating - substrate interface and free surface accommodale oxide layers. Al free 
surface, outer Ti oxide layer is separated from Al oxide region by disordered y solid solution 
region. 
When annealing time is sufficient, chromium and molybdenum fonn elongated particles inside the y 
solid solution after complete dissolution ofNbAl phase. 
If chromium is present in the coating, above described structural modifications are retarded. Tbis 
was also confirmed by annealing couples formed by the same coatings on the pure AI substrate. In 
this case, Cr presence slows down diftUsion ofNi into AI substrate. Mixed layer with composition 
of intennetallic phase constitutes. Its nanostructurc character was proved by transmission and 
electron microscopy and diffraction. 
Structure analysis sbowed that high affinity of AI and Ti to nickel and eventually to oxygen leads 
to the destruction of the superalloy structure in the vicinity of coating Of free surface. At highcst 
temperature (1050 'c) oxide layers grow on the free surface and at the coating - substrate 
interface. 
Diffusion in the interface vicinity lead to the voids fonnation in the coating adjacenl to the 
interface 
C50 154 
ISOTHERMAL OXIDATION BEHA VIOUR OF PLATINUM 
MODIFIED ALUMINIDE DIFFUSION COATINGS ON A 
SINGLE CRYSTAL NICKEL BASED SUPERALLOY 
J. Angenete and K. Sliller 
Depamnenl of Experimenlal Physics 
ChaImers Universily of Technology 
SE- 412 96 Göteborg 
Sweden 
Fax: +46 31 772 32 24 
Abstract 
Two dlfferent Pt modilied Al dlffuslon coatings (SS82A and MDCI50L). on a single 
crystal NI base superalloy (CMSX4). have been oxldlsed for 50 and 100 h at 1050 °C In 
laboratory air. Thc microstruclura! changes of the coatlng layees were invesUgaled befare 
and after oxidation tests by means of ScannJng Electron Microscopy (SEM) and Energy 
Dlsperslve X-ray Spectroscopy (EDS). BOlh coaUngs produced conUnuous oxide scales 
wlth a Ihlclmess of approxlmalely I flrn. It was found thaI Ihe UUckness of the SS82A 
coaUng Increased quite rapldly. while the lhicknes, of Ihe MDC150L coaUng remalned 
fairly conslant. The Interdiffusion layer of lhe SS82A coating contained smalI, equlaxed 
grains. that besides NI. were rlch In W, Co and Cr. In Ute corresponding layee in 
MDC150L, a phase wilh slmilar composition was present, but it showed a clearly 
columnar struclure. Changes in elemental distribution through the coatings were 
measured. 
Keywords: ruckel base superalloy, !'tAl dJffuslon coatlng, platinum, high temperature oxidation 
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mGH TEMPERATURE RESISTANT MeCrAIY+Al COATINGS 
OBTAINED BY THE Arc-PVD METHOD ON Ni BASE 
SUPERALLOYS 
L. Sw,diba, A Maciejuy, B. Mendala, G. Pucka 
Silesian Teclm.ical University, Institute ofMaterinls and Engineering, 
Kr,sillskiego 8, 40-019 Katowice, Pol,ud 
Abstract 
Investigations of obtaming high temperature coatmgs on the Ni base superalloys by the 
Arc-PVD method, using exothemuc reaction processes between Ni and Al with NiAi 
intemletallic fonnation are presented in the article. By the diffusion heating at 1050°C NiAl 
high temperature diffusion coating containing 21 % at. Al and 50 Jtm thick was obtained. 
In tIte next stage coatings with more complex cl1emical composition- NiCoCrAlY were fonned. 
The NiCoCrAlY coatings were made of two targets good consistence between the chemical 
composition of the targets of the coatings and an unifonn distribution of elements in the 
coatings were shown. Then the surface was covered with aluminium also by the Arc-PVD 
method. In the vacuum chamber of the equipment a synthesis reaction between NiCoCrNY 
and AI with the fonnation of NiAl intennetallics of high Co, Cr, Y content was initiated. 
111e final heat treatment of coatings was conducted in the air and vacuum at 1050°C. 
111e strang segregation of yttrium in to the oxide scale in the specimens heated in the air was 
shown. It was possible to obtain NIAJ intennetallics phase coatings modified by Co, Cr and Y 
by the Arc-PVD met.hod. An example of the application of this method for tlle aircraft engine 
turbine blades was presented. 
Keyworc1s: High temperature corrosion, MeCrAlY coatings, AIc-PVD method. 
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Metallurgical Temperature Estimates Based on Interdiffusion 
Between CoCrAIY Overlay Coatings and a Directionally Solidified 
Nickel-Base Superalloy Substrate 
K. A. Ellison, 1. A. Daleo and D. H. Boone 
BWD Turbines Ltd. 
1-601 Tradewind Dr. 
AncasteT, Ontario, L9G 4V5, Canada 
e-mail: daleo@bwdturbines.com 
Abstract 
The interdiffusion feaClioDS between vacuum plasma sprayed (VPS) and over-aluminized VPS 
CoCrAIY caatings, GT-29 and GT-29 In-Plus, and a directionally solidified nickel-base 
superalloy, DS GTD-lll, were characterized and used to estimate Ihe operating temperatures 
of service-exposed cornbustion turbine buckels. The interdiffusion zone growth kinetics were 
measured and the lemperature dependence orlhe interdiffusion rate constants detennined. A 
model was developed to estimate surface temperalures based on the observed and calibrated 
rates of caating/substrate interdiffusion. The model was applied in (he analysis of service-
exposed GE MS700 1 F first stage turbine buckets. Metallurgicaltemperature estimates obtained 
from the coating I base metal interdiffusion model were in reasonable agreement with those 
obtained independently from an analysis of gamma prime precipitate coarsening and infrared 
pyrometry data. 
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MICROSTRUCTURE AND HOT CORROSION 
BEHAVIOR OF PT-AL COATINGS ON 
IN738 NICKEL-BASE SUPERALLOY 
X.F. SUN. H.R. GUAN, Y. PANG, 
T. JIN, x.x. JIANG, and Z.Q. HU 
Institute ofMetal Research, Academia Sinic3, 
72 Wenhua Road, )IOOIS Shenyang, P.R.China 
Abstract j 
An investigation has been carried out to study the Na2S04 and Na2S04 + NaCI 
induced hot carrosion· of Pt-modified aluminide caatings on a nickel-base 
superalloy IN738 at 900°C in air. The corrosion resistance of Pt-AI caating is 
dependent on its structure features. The coating with a continuous PfAI2 surface 
layer appears less corrosion-resistant than that with PtAI2 + NiAI two phases. The 
addition of NaCI into Na2S04 considerably a~celerates the degradation of Pt-AI 
caatings, causillg the caatings 10 suffer severe internaioxidation and sulftdation. It 
is worthwhile to note that the internaioxidation and sulfidation ofthe intermediate 
coating layer are heavier than that of th~ outer layer. Because of the volume 
expansion of these internaioxides and sulfides, microcracks appear between the 
ouler and intermediate layer. These cracks develop quickly and cause the outer 
laycr spalling. 
Kcywords: Superalloy, Pt-AI Coating, Hot Corrosion, 
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High Temperature Corrosion Resistance ofGas Turbine Materials 
and Coatings under the Influence ofCI-Contaminations 
Michael SchUlze and Andre Jeulter 
Karl-Winnacker-lnstitut der DECHEMA e.V. 
60061 Frankfurt am Main, Germany 
Abstract 
Depending on fuet and service environment combustion almospheres of gas turbines may contain 
contaminations ofCl-species. There has heen same uncertainty on how such small CI-impunties 
affect the behaviour ofthe protective oxide seales. In the work reported, therefore, tests under 
isothennal and thermal cyclic conditions were perfonned at lOOO°C in air containing 100 ppm 
HCI. The materials were CM247LC DS and IN792DS as bulk materials and CM247LC DS with 
two types of overlay CoNiCrAI coatings where one was [fee ory whilc thc ether Olle contained 
abaut 0.5% Y. Thc results showed that there can be a significant influence of such small impuri-
ties on oxide scale adhesion and the course ofmaterials damage and that also in this case a key 
role is played by V-additions in the coating ifCI-impurities are present in the environment. 
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CREEP OF COATED AND UNCOATED 
THIN·SECTION CMSX·4 
P.l. Henderson+ and L. Linde 
Swedish Institute for Metals Research, Droltning Kristinas väg 48 
S-114 28 STOCKHOLM, SWEDEN 
+Now at Vattenfall AB 
S-162 87 STOCKHOLM, SWEDEN 
Abstract 
Creep testing has been carried out on coated and uncoated specimens of the single crystal 
nickel-base superalloy CMSX-4 al 850 and 950°C. The test pieces were hollow with a <001> 
orientation. Same specimens were coated with a Pt-AI coating on the outside and a plain 
aluminide coating on the inner bore, other specimens were lef! uncoated. Coated and 
uncoated specimens exhibiled similar creep rates but the elongations and lives of the coated 
specimens were reduced slightly al 950°C and lang testing limes. Creep failure occurred by 
the growth and linkage of cracks initiated at casting porosity in the interdendritic regions. 
Oxidation effects were much less at 850°C than at 950°C for both coatings. The platinum-
aluminide had better corrasion resisfance and slightly greater ductility. Taking inta account 
the reduction in load bearing area caused by the coatings, the difference in creep behaviour 
of the coated and uncaated specimens was marginal. as shown by the application of the 
Larson-Miller parameter. 
Keywords: creep, single crystal superalloy, coating, thin section 
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LOW-CYCLE AND THERMO-MECHANICAL FATIGUE 
OF COATED IN738LC 
K. TAKE'!, R. OHTANI2), M. KAKU'), T. TAKENAKA') and H. MASUOJ) 
1) Kawasaki Heavy lndustries Ud., Akashi Technical Institute 
ABSTRACf 
1-1 Kawasaki-cho, Akashi 673, Japan 
2) Kyata University, Faculty of Engineering Physics and Mechanics 
Yoshida-honmachi, Sakyo-ku, Kyoto 606-01, Japan 
3) Kawasaki Heavy Induslries Ltd., Prime Mover Division 
3-1-1 Higashikawasaki-cho, ehua-ku, Kohe 650-91, Japan 
Thc objeclive cf Ihis study was 10 investigale the effect cf coalings on thcrmo-mechanical 
fatigue (TMF) behavior cf IN738LC far turbine blading. In-phase and out-of-phase TMF tests 
at 400°C-850°C and isolhermallow-cycle faligue (LCF) tests at 400°C aod 850°C have been 
performed in both a CoCrAlY-coated and uncoaled condilions by an improved test system. 
Tensile tests of the CoCrAlY -coating at several temperatures were also performed in order to 
understand the mechanical properties of the coating. The crack initiation sites and the erack 
propagation paths of specimens were also analyzed by SEM afLer testing. The life of in-phase 
TMF were coineident to the life of LCF at 850°C and the behavior was similar both in coated 
aod uncoated eondilions. However, the quite different behavior between out-af-phase TMF 
and LCF lives of coated specimens were obtained. The main reason consists in the crack 
initiation site and the mechanieal behavior of the coating. 
Keywords: Thermo-mechanical fatigue, Low-eyde fatigue, IN738LC, Coaling 
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Nondestructive Integrity Characterisation And Assessment oe Gas 
Turbine Coatings Within The COST-501 Program 
F. CemuschiGl, u. Ne1zelmann@ and K.-J. Pohl@ 
Gl ENEL StruUura Ricerca, Polo Diagnostica e Materiali, 20134 Milano, Italy 
@ JzfP Fraunhofer-Institut filr zerstörungsfreie Prüfverfahren, 66132 Saarbrücken, Germany 
@ QZ-DO Qualitätszentrum Dortmund, 44227 Dortmund, Germany 
Abstract 
Different NDT-techniques are presented with respect to the evaluation of metallic and 
ceramic coatings. Multi-frequency eddy euerent testing has been applied successfu1ly to 
collect data on coating thickness ofNiCoCrAlY layers. Pulsed video thermography is shown 
to yield data on coating thickness as weil as on the existence of bonding defects between 
Iayer and substrate. X-Ray diffraction analysis could be applied to gain information on 
stress states, phase compositions of materials and texture. High frequency ultrasonic testing 
has been used to detect bonding defects between ceramic coating and substrate material. 
Thennal wave analysis, an advanced testing technique, has been used for the determination 
of coating thickness homogenity; these results will have to be verified by rnetallographical 
investigations. 
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FAlLURE MECHANISMS IN THERMAL CYCLED TBC'S 
V. Teixeira, M. Andritschky. H.P. ßuchkremer*, D. Stöver* 
University of Minho, Physics Depatlment 
IMAT.lnslilute ofMarerlals, Campus de GuaHar 
P.4700 Braga, Portugal, email: vasco@Usica.uminho.pt 
* Forschungszenirum Jüllch GmbH, 
IWE-Instltut für Werkstoffe der Energietechnik 
D-S2425 Jülich, Germany 
Abstract, Muililayered coatings are increasingly being used in sevcral tcchnological applications, such as 
thennal prolection of engine componenls. This contribulion discusses the role of thermal slresses on Ihe Ihermo-
mechanical integrity of proIeelive ceramic coatings for use al high temperalure. such as thermal barrier 
cOillings. Modelling of thermal residual stresses in multilayered and graded coalings is presented. This 
modelling enables us to calculate the Iransient thennal slrains and stresses by an elasto-plastic biaxial stress 
model which conlribule 10 a beUer underslanding of the failure modes in TBC's tested at high temperatures 
(furnace cycling and rapid thennal cycling). The TBC failure mechanisms are discussed in the light of coating 
transient stresses, interfacial oxidation, rugosity al interfaces and cohesive strenglh of the individuallayers in 
the TBC system. 
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INNOVATIVE PLASMA SPRAYED 7% YSZ - THERMAL 
BARRIER COATINGS FOR GAS TURBINES 
C59 
Z.Babiak", Fr.W.Baeh", L.Bertamini+, F.HindryckxO, J.P.Krugers " B.Michelo, S.Sturlese +, 
W.Unterberg" 
N Uni. Dortmund, D 
+ Centro Sviluppo Materjali SpA, I 
o T echspace Aero, Liege, B 
• H.C. Starek, D 
In the last years high performance Yltria-Stabilised Zirconia Thermal Barrier Coatings (TBCs) 
were industrially applied on vanes and blades of gas turbines engines by the Electron Beam 
Physical Vapour Deposition (EB-PVD) technology. Their high Thermal Shoek Resistance have 
often been correlated to the stahle microstructure, which consists of vertically-oriented grains, 
strongly bonded to the substrate, but weakly connected to each ather: a rnicrostructure tolerant to 
tensile strain Le. stresses, is therefore obtained parallel to the surface. 
Unfortunately, the EB-PVD process is characterised by high costs and EB-PVD TBCs ensure a 
thermal proteetion which is half of that ofPlasma Sprayed TBCs, for the same ceramic thickness. 
Therefore efforts are still in course to verify the possibility to improve Plasma Sprayed 
technology. 
The activity of COST 501-1II, WP15 on TBCs was concentrated on the testing of spray 
technologies alternative to the standard Air Plasma Spraying (APS), to reach a higher TBCs strain 
tolerance, through a higher porosity cr a vertical segmentation.O 
The aim of this paper is to review the manufacturing teehniques developed by the different COST 
partners and to present preliminary TBCs characterisations. 
The vertical segmentation was achieved by a special APS, by Low Pressure Plasma Spraying 
(LPPS), at high temperatures, and by the use of a cryogenic cooling. Very porous TBCs were 
manufactured by low power APS. Finally the effect of the pressure on TBC manufacturing was 
investigated between 1200 and 3000 mbar by High Pressure Plasma Spraying (HPPS). 
PreJiminary results indicate that the irnprovement of the microstructure of plasma sprayed TBC 
i.e. of their Thermal Shock Resistance, is possible. 
A foreseen prosecution of the current co-operation will include thermal shock tests between 
7wt%YSZ-TBCs manufaetured by all these different spray techniques and the EB-PVD TBC. 
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RESIDUAL STRESSES IN HIGH TEMPERATURE MULTILAYERED 
COATINGS FOR ADVANCED POWER ENGINEERING 
V. Teixeira, M. Andritschky, W. Fischer*, H. P. Buchkremer,* D. Slöver* 
University of Minho, Physics Depar'ment, 
IMAT-Institute of Materials, Campus de Gualtar 
P·4700 Braga, Portugal, email: vasco@Usica.uminho.pl 
* Forschungszenlrum Jüllch GmbH. 
IWE-Institut für Werkstoffe der Energielechnik 
D-52425 Jülich, Germany 
Abstract: Yllria stabilized zirconia plasma sprayed coalings (PS top coating) werc applied on high temperature 
Ni-bascd alloys precomcd with a thin, dense stabilized zirconia caating produced by Physical Vapauf Deposition 
(PVD bond coaling). Thc caating residual stress was studied experimenlally (by X-ray Diffraclion, MicroRaman 
lechniques and by microdisplacemenllaser transducer) and numerically in the thermal baITier multilayered system 
for the as-deposited coatings and after different thermal cycling processes. The PVD bond coating has an in-plane 
compressive residual stress after deposition (about -320 MPa). The plasma sprayed top coating has a compressive 
stress near the interface and presenls low tensile (or compressive) stress atlhe surface after the plasma spraymg 
deposition (-20 MPa Lo 30 MPa depending on the substrate temperature and coating Ihickncss). Arier thermal 
cycling the stress changes 10 -760 MPa for the PVD bond coat and the PS coating stress changes 10 a comprcssive 
valuc of abouL -280 MPa. Thc stress within Cr203 seale was -1680 MPa as dctcrmincd by MieroRaman 
spectroscopy. The residual stresses within the TBC during thermal cycling were modelIed and the numerical 
results are in good agreement wilh the experimental measurements. 
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New materials for advanced thermal barrier coatings 
R. Vaßen, F. Tietz, G. Kerkhoff, D. Stovee 
Institut für Werkstoffe der Energietechnik 
Forschungszentrum Jülich GmbH, 52425 Jülich 
Abstract 
New ceramic materials are investigated with respect to an appllcation as thermal 
baITier coatings. Irnportant criteria for the seimion of the materials are low thermal 
conductivity and high melting points. In this investigation composne materials based 
on zirconia and ceria are included. The effect of non~soluble dispersions in the 
ceramic matrix on the sintering behaviour and on thermomechanical properties is 
discussed. Furthermore plasma sprayed coatings are produced and characterized. 
Amounts of 20 wt% of a second phase with a lower melting point than the matrix 
cornpound lead to a considerable increase of coating density and consequently an 
optimization ofthe spray process is necessary. 
Besides the CeOz- and Zr02-based composites new oxide ceramic materials with high 
melting points have heen investigated. For these materials relevant thennomechanical 
data are missmg. Therefore bulk materials have been synthesized and characterized. 
Low sintering activity of the materials was observed. The measured 
thennomechanical properties are compared with yttria-stabilized zirconia materials. 
C61 
Keywords: new thennal barrier coatings, sintering activity, thennal conductivity. coefficient of 
thennal expansion, zirconate. 
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BURNER RIG TESTS OF EB-PVD THERMAL BARRIER 
COATINGS UNDER HOT CORROSION CONDITIONS 
H.-J. Rätzer-Scheibe, K. Frilscher, M. Petcrs, U. Schulz find W.A. Kaysscr 
DLR (Germ,lO Aerospace Center), Institute of Materials Research, 
D-51 170 Köln, Germany 
Abstract 
Thermal bafrier coatings (TBes) deposited by elecLron beam - physical vapor deposition 
(EB-PVD) were cyclically tested at 900 oe undcr hOL carrosion conditions in a high-velocity 
burner rig rar 100 aod 200 h. The TBC system on the Ni-base supcraJloy MarM002 cOllsisted 
cf an approximately 100 11m Lhiek EB·PYD NiCoCrAIY bond coat and a 200-300 Jlm Ihiek top 
coat of zirconia partially stabilized with 7 WI% yUTia (PYSZ). Mass change of the Lest 
spccimens was measured and the degradation of the ceramic top coating as weil as the 
oxidation attack of the bond coaL was metallographically examined. Cracking and spalling of 
the PYSZ coating was investigated by the scanning electron microscopy. Hot corrosion attack, 
which normally occurs on metallic high temperature materials duc to fhe effecls of molten salt 
deposits such as sodium sulphate, was nol found on PYSZ coalings. The failure of thc TECs 
mainly resulted from cracking within the zirconia columns and concurren( loss of material 
hereby significantly roughening the surfacc. This failure mode seems to be caused by 
mcchanical erosion. A second raHure mode was duc fo thc prcscncc of growlh dcfccts formcd 
during the PVD process. Test condiLions caused spallation of these defects, resulting in pilting 
on the surface. 
Keywords: thermal barrier coatings, burner fig fests, hot corrosion, erosion 
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Residual Stresses in Zirconia Thermal Barrier Coatings due to 
Strongly Inhomogeneous Temperature Distributions 
T. Schmackers, W. Reimers, H. U. Baron', T. Cosack* 
Hahn-Meitner·lnstitut Berlin. Bereich Strllkturforschung, Derlin, Germany 
*MTU Motoren- und Turbinen-Union München GmbH, Mlinchen, Germany 
Abstract 
Residual stresses have been analyzed in a duplex thermal barricr caating consisting of a 
plasma sprayed ceramic layer of 7wt% Y 203 stabilized zirconia and a low pressure 
plasma sprayed MCrAIY bond layer halh deposited on a In718 substrate. To simulate 
realistic thermal conditions, a sampie environment in fonn of a gradient furnace has 
been developed 10 achieve weil defined temperature gradients aefass thc thickness of 
the specimen. Thc investigations of thc thermal stresses have been performed in-situ 
under different thennal loads with diffraction methods. The stress state of the thermal 
barrier coating was found to depend strongly on the tcmperature distribution across the 
sam pIe. The influence of both, the different thermal ex.pansion coefficients and (he 
temperature gradient across the thickness of1hc specimen on the residual stress state are 
discussed with regard to the fatigue behaviour ofthis thennal barrier coating system. 
Keywords: thermal barrier coatings, inhomogeneous temperature distribution, in-situ 
stress analysis 
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Microstructure and Modelling of coated Superalloys 
u. Martin, H. Oe11el, M. Jerenz, U. Mühle 
Institute ofPhysical Metallurgy, Freiberg University ofMining and Technology, 
D-09596 Freiberg, Gennany 
Abstract 
In the present study the hot deformation behaviour and the microstructure development of 
uncoated and TBC-coated superalloys NiCr22Co12Mo9 and CoCr22Ni22W14 has been 
investigated at temperatures between 750 and 950 oe. Estimating parameters like dislocalion 
density and carbide spacing the hot tension, creep and relaxation behaviour has been connected 
with the microstructure. A TBC-coating of the sheet materials by plasma spraying lead to a 
decrease of the creep resistance and to a shorter creep life time. The worsening of the 
mechanical properties results from the degradation of the solid solution and the carbide 
precipitation hardening in the interface region. 
In order to predict the defonnation behaviour ofthe superal10ys, the estimated microstructure 
parameters have been used as input data for an effective stress model and a modified Kocks-
Mecking model, which describe the high temperature deformation. The simulation yields to 
correct predictions of the creep, tensile and the relaxation behaviour ofthe superalloys. 
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Finite element analysis of thermal stresses 
in thermal barrier coatings on cylindrical substrates 
G. Kerkholf, R. Vaßen, C. Funke, D. Stöver 
Institut rur Werkstoffe der Energietechnik 
Forschungszentrum Jülich GmbH, 52425 Jülich 
Abstract 
Spallation of thermal barrier coatings (TBes) in gas turbines often occurs at the ends of 
the blades, where radii of curvature are vcry small. This failuee might be duc to tensile 
stress components perpendicular to the interface and duc to circumferencial tensile stress 
components in convex curved layered systems. A finite element rnethod (ABAQUS) is used 
to calculate stress developement during a thermal eycle. The influence of the radii of thc 
interface and the coating thicknesses on these stresses are investigated. Tbc investigated 
system consists of a cylindrical substrate (Ni-base-superalloy), a bondcoat (CoCrAlY) and 
the TBC (Zr02+7%Y201). Thc viscoelastic properties of the materials are taken into 
account. Especially the bondcoat creeps readily at temperatures above 700°C. Trus leads 
to a stress-relaxation ofthe specimens. The results ofnumerical calculations are compared 
to values ohtained by an analytical elastic model. An analytical fonnulation of the 
influence of curvature and coating thickness on the stresses is expected to be helpful for thc 
elaboratlon of a life tUne model for TBCs. 
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NUMERICAL SOLUTION OF INVERSE PROBLEM FOR 
DIFFUSION AND CORROSION PROCESSES IN MATERIALS 
FOR GAS TURBINE 
P.G.Krukovsky, E.S.Kartavova 
Institute of Engineering Thermophysics National Academy cf Scicnce of Ukraine, 2a, 
Zhelyabov SIr., Kiev 252057, Ukraine Fax: 38 (044) 446-60-91, E_mail: kart@simp.kiev.ua, 
kruk@simp.kiev.ua. 
Modeling of high-temperature corrosion and diffusion in materials for gas turbine are 
important ror engineering and industry. Ta make corrosion and diffusion predictions for a long 
time by means cf mathematical model seerns to be possible only if rather exact mode1's 
coefficients are on hand. The aims of this paper are inverse problem methodical development 
and its application to detennine parameters cf diffusion and corrosion mathematical model by 
means of inverse problem solution using thc dat8 of laboratory testing. Thc approach allows fo 
predict the diffusion and corrosion processes of gas turbine blade materials at the high 
temperature. This approach is based on effective modem methods ofparameter identifieation of 
diffusion and oxidation models using experimental data. To detennine the unknown parameters 
thc procedure of the iterative identification has been applied, which was based on Gauss-
Newton's technique. The parametrical sensitivity analysis ofthe calculated characteristics at the 
measurement points (eoncentration distribution and oxidation depth of alloys treated af high 
temperature) to variation in the desired parameters (eoefficients of mass transfer, diffusion, 
ete.) was carried. The results of inverse test problems solution both for exact an unexact input 
measurement values concentration of alloying elements and oxidation depth are given in the 
paper. 
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LlFE TIME MODELING FOR MCrAIY 
COA TINGS OF GAS TURBINE BLADES. 
E.S.Kartavova, P.G.Krukovsky 
Institute ofEngineering Thcnnophysics National Academy of Science 
of Ukraine, 2a, Zhelyabov Sir., Kiev 252057. Ukraine Fax: 38 (044) 
446-60-91, E _mai!: kart@Simp.kiev.ua.kruk@simp.kiev.ua. 
C6? 
The Iife time of gas turbine blades is mainly controlled by oxidation resistance 
of coatings. The development of mathematical model of high temperature 
oxidation and diffusion and Iife time modeling are purposes of this paper. 
The mathematical model of diffusion and oxidation is described by diffusion 
equations of alloying elements and oxidant with oxidation processes taking into 
consideration by mass source tenn. The diffusion and oxidation mathematical 
model is integrated by numerical methods (the finite difference method). It permits 
one to take into consideration the most general peculiarities of the problem 
formulation: - the multilayer, the relationships between coefficients and 
coordinate, time and concentration. 
For determination of model key parameters (diffusion, mass transfer, mass 
uptaking coefficients, etc.) the inverse problem solutions were used. 
Both elements concentrate distribution and oxide thickness were calculated 
using determined coefficients for experimental data. The experimental data and 
calculated results of concentration distribution are in good correspondence. 
The usage of model and detennined by inverse problem solution model 
parameters allowed to do the Iifetime modeling of the diffusion and oxidation 
alloy with and without metal-ceramic coatings at the high temperatures and long 
term duration. 
Keywords: life time, modelling, diffusion, oxidation, gas turbine, blade 
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ASSESSMENT OF TURBINE HOT GAS 
PATH COMPONENTS 
V. MezzedimiO, E. GiorniO, L. TognarelliO, F. Pratesi*, G. Zonfrillo*, 
M. GiannozziO. M. InnocentiO 
o Nuovo Pignone S.p.A. - Via F. Matteucci 2,1-50127 Firenze (1laly) 
* Dipartimenlo di Meccanica e Tecnologie Induslriali, 
UniversiLy ofFlorence - Via S. Marta 3. 1-50139 Firenze (llaly) 
Abstract 
In Ieeent years experience has accumulated on different methods far lifc-assessmenl 
of componenls cf hot gas paths in gas turbines. In this feport attention is focused on 
buckels and nozzIes of turbincs designed by Nuovo Pignone SpA. 
Buckels are currenlly made cf different Ni-base superalloys. From design data, the 
distribution of temperatures on bucket sections can be calculated. Tbc actual melal 
temperatures of serviced buckets can instead be assessed by metallographie 
observation. The evolution of the 'Y' phase has been used for effeeting a quantitative 
evaluation of the service temperature at each location on the bucket. The kinetics of y 
phase evolution is similar among the various Ni-base superalloys. but for accurate 
temperature estimation, each alloy requires a study of ilS own. 
As soon as the actual metal temperature has been estimated, it becomes possible 10 
evaluate the residual life by applying different damage models. FEM thermal and 
mechanical "nalyses are rc-run to match the temperature distribution estimated from 
metallographie examination. 
Nozzles are usua/ly made of Co-base supera/loys of which FSX 414 is the most 
widely used. Co-base supera/loys are strengthened mainly by the presence of carbide 
seeond phases. The modifieations observed in the morphology and composition of 
carbides ean be used to assess service temperature and damage evolution. Image 
analysis using backscattered electrons is considered to be a sensitive tool. Feasibility 
studies have shown that the method is capable of estimating the exposure at different 
tempcratures of FSX 414>. Research is now under way to transfer this evaluation to a 
quantitative level. Experimental research combined with eontinuous monitoring of 
the rnachine will make it possible 10 set up quantitative methods far assessing service 
temperature und material degradation of FSX414 components. 
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AN INFLUENCE OF THE STRUCTURE OF THE THERMAL 
BARRIER COATINGS ON THERMAL SHOCK AND 
CORROSION RESISTANCE 
L. Swadiba', S. Dudek', M. Hetmanczyk", B. Mendala" J. SZIlla" 
a Silesian Teclmical Universlty, Institute of Materials Science and Engineering, 
Krasinskiego 8, 40-019 Katowice, Poland . 
bTransport EqUipment Enterprise "PZL-Rzeszow", 
Hetmanska 120,35-078 Rzeszow, Poland 
Abstract 
Results ofinvestigations on obtaining the thennal harner coatings (TBC) and their properties 
have heen presented in the article. Coatings were fonned by a themJaI spraying method using 
a A3000 system controlled by computer and with Ule ABS robot. For spraying the following 
materials: Zr02xY20l -Metco 204 B-NS and MeCrAlY - Amdry 962 as an interlayer were 
use<L The coating structure examinations were made. Powder morphology was determined by 
the scanning microscope method. Tests by the thennal shock method were conducted in the air 
atmosphere by heating the specimens to 1200°C for 15 nun. and cooling to 250°C for 5 min .. 
The best results were obtained at the ceranuc coatmgs thickness of 0.2-0.3 mm and the 
transient coating of 0.1-0.15 mm. The comparative analysis showed low resistance to thermal 
shocks of MeCrAlY + Al2üJ coatings. Hot corrosion resistance tests were eonduced at 900°C 
in the Na2S0.J medium. Tests showed low resistance of TBC coatings to that type of eorrosion. 
nle TBC coatings were fonned on the aircraft combustion chamber. 
Keywords: TBC coatings, high temperature corrosion, plasma spraying. 
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THE SURFACE STRUCTURE OF GAS TURBINE BLADES 
G.D. Pigrova 
Central Boiler and Turbine Institute 
194021, St.Petersburg, Russia 
Abstract 
The X-ray analysis method has been used to study the phase structure cf gas turbine blades 
in operation. The structure and cornposition of oxide, sulfide and sulfate phases as weH as 
the structure of oxides on eJectron-beam MCrAlY coated surfaces have been established for 
fixed and rotor nickel-base alley blades after service. Tbe phase state of matrix solid 
solution ofthe coating in different blade areas after service has been investigated. 
Keywords: blade, surface, operation, phase composition 
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HEAT TREATMENT OF GAS TURBINE BLADES 
WITH PROTECTIVE COATINGS. 
A.I.Rybnikov, L.B.Getsov, A.S.Osyka and K.S.Muhametganov 
Polzunov Central Boiler and Turbine Institute (NPO TsKTI) 
Abstract 
The revealed laws of formation of microstructure and features cf influence of structure on 
properties of Ni-base superalloys have al10wed to develop bases of a choice of modes of 
thermal processing blades with coatings at three stages: thermal processing blades befeIe 
deposition of a coatings. diffusive annealing (receptioo, carried out practically at a11 ways, 
of a coatings) and finishing cr reducing of thermal processing ensuring as reception of 
structure and properties cf the basic metal at a level, achievable ambassador cf heat 
treatment of preparation blades without of a coatings and creation optimum for operation of 
structure of a caatings. For a choice of modes of thermal processing at a11 three stages of 
heat treatment blades with coatings the superalloys Ni-base are divided into .4 groups 
distinguished by a degree alloy - by quantity strengthening phase and ternperature of 
solubility strengthening phase. 
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ELABORATION OF A YSZ POWDER BY SPRAY DRYING 
FOR THERMALBARRIER COATINGS 
ON GAS TURBINE COMPONENTS 
R. Rane, M. Perez, F. Sehus1er 
Paper will be distributed at the meeting. 
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STRESS RELAXATION IN METALS AND ALLOYS 
L.B.Getsov 
AO KONSTA, SI.Petersburg 
Abstract 
Stress relaxation Is a process developing during Ihe time 01 spontaneous 
change 01 stress in constructlon elements. It la a question 01 the residual stress. as 
so as the stress caused by extemal loads In fixed delomnation conditions. Varlous 
questions. related to the study 01 ~~~~~ocesses In materials and details 
01 machlnes are conslderetlli:ll\\"ft\ölljll~@tsiüdy. The report is iIIustrated by 
experimental data on Ihe in'i'i'Uence 01 alloylng, themnal and themnomechanical 
treatment on the relaxation resistance 01 metals and alloys on the basis of iran. 
nickel. cobalt. zirconlum, copper, aluminium, magnesium, mollbdenium and niobium. 
Keywords: Stress relaxation, creep, loadlng, fracture 
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ON STATISTICAL ASPECTS OF RESISTANCE TO 
CYCLIC STRAINING AND FRACTURE 
L.B.Getsov·, K.M.Kononav··, Yu.N.Rebiakov·· 
• AO CONSTA, St.Petersburg 
"Chellabinsk Technical University 
Abstract 
Number of questions, connected with accuracy cf determination of resistance to 
cyelle deforming and fracture of steels and alloys characteristics, is considered. 
Experiments conducted on 10 melting ~:~jndicate expediency to use relative 
coordinates (stress ranges amt.iP:ftmit\ ~tions. referred to cyelle limit of 
elasticity and correspon~~H8nffor cyclic curve constructions. 
We pro pose the fannula 'fOrd~ermination of minimum value of deformations ranges 
for given number of cyetes up to fracture. This formuJa bases on Manson equalion, 
law eyelle fatigue eurve far individual melting and values of limit strength and 
plasticity dispersions of given material. 
Keywords: Iow-cycle latigue, tyolle deforming turve, statistical method 
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DISTRIBUTED DATABASE SYSTEM FOR MUTUAL USA GE OF 
MATERIAL INFORMATION (DATA-FREE-WAY) 
Hirokazu Tsun" Norio YOKOY AMAa, Mitsutane FUJIT Ab, Shigek.i KANOe, 
Yoshiaki TACllle, Kazuk.i SHIMURAd, Rilsuko NAKNlMAd and Shuichi IW ATA' 
a Japan Atomic Energy Research Institute 
Shirane 2-4, Shirakata, Tokai-mura, lbaraki-ken 319-1195, Japan 
b National Research Institule for Metals 
Sengen 1-2-1, Tsukuba City, lbaraki-ken 305-0047, Japan 
C Power Reactor and Nuclear Fuel Development Corporation 
Narita 4002, Oarai-machi, lbaraki-ken 311-1393, Japan 
d Japan Science and Technology Corporalion 
Yonbancho 5-3, Chiyoda-ku, Tokyo 102-0081, Japan 
c University cf Tokyo 
Hongo 7-3-1, Bunkyo-ku, Tokyo 113-0033, Japan 
Abstract 
D3 
A distributed database system named "Data-Free-Way" for mutual usage of material 
infonnation was developed uoder the collaboration of National Research Institute for Metals. Japan 
Atomic Energy Research Institute, and Power Reactor and Nuclear Fuel Development Corporation in 
order to share fresh and stimulating information as weil as accumulated information for the 
development of advaneed materials, far the design of struetural eomponents, eie. Then Japan Science 
and TeehnoLogy Corporation joined three above-mentioned organizalions. In the original pilot 
system, material infannation was mutually uliJized through the Ioeal circuit. Now the system has been 
made more substantial thraugh the advanced network with high data processing speed and multi-
functions by taking advantage of eUITent e:teeUent data communieation techniques Like the Internet 
This paper will deseribe the present status of the new system. wh ich is available through the 
Internet. Furthermore. same trials of attractive/sophislicated utilization of the system will be 
mentioned. 
Keywords: Dislributed material database, Internet. Heat resistant alloy, Creep 
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NEW SOFTWARE TOOLS FOR LlFETIME PREDICTION 
OF HIGH TEMPERATURE COMPONENTS 
UNDER SERVICE LOADING 
J. Gral/acher, A. Schalz al/d C. Berger 
lnstilule o/Materials Techno/agy (IjW) 
Darmstadt Universily o/Techno/agy 
Grafimstrasse 2. D~64 283 Dormstadt, Germany 
Abstract 
Special software tools were developed to assist the industrial special ist in lifetime 
prediction and supervision of steam power plant components. A programme DESA was 
developcd far thc parametrie assessment of eTeep and eTeep ruptuee data to obtain 
either propcrty values for design purposes or basic dat3 for rnodelling eTeep behaviouL 
A programme KARA contains eTeep equations for scvcral heat resistant steels and 
superalloys. FOT finite element application, KARA is availablc in the form of a user 
suhrouline. Further, a programme LARA is available for life caleulations under eyclic 
creep loading conditions. The modified life fraction rille and a factor conccpt ef the 
relative creep or rupture life of this rule are the basis of LARA which can bio! uscd 3S a 
life counter for power plant components. 
Keywords: creep rupture data, paramctric assessment, creep cquations, eyclie ereep, Iife fraction eule 
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ALKALI RELEASE AND SORPTION 
IN eOAL eOMBUSTION 
Ame Wittholm. Lars Oelljen. Klaus Hilpe.l 
Research Centre Juclich. Institute for Materials in Energy Systems 
52425 Juelich. German)' 
Abstract 
Alkali melals pla)' a key Tole for the realization and improvemenl of coal-fired combined 
cycle planls. Relcased as gaseous species during eoal cornbustion, alkali meta I compounds 
cause high lemperature carrosion especially al the gas turbine blading. This paper presents 
experimental and theoretical basic investigations, whieh contribute 10 the lUldersfanding of 
the release and sorption of these conlaminants. Knudsen effusion mass spectrometry was 
used 10 study the vaporization of eoal ashes and slags al temperatures behveen 200 aod 
1800°C and lO detennine the relcascd alkali species and their partial press ures. The data 
base system FACT and the modified quasi.chemical model for non-ideal solutions were 
applied to predicl lhe equilibriwn sLale of model systems for coal stags and 10 determme 
material compositions for maximum alkali sorption capacity. 
Keyv,lords: coal conversion, hot gas cleaning, coal ash, alkali release, alkali sorbents. 
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